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ANOTHER KAYNAR FIRST! 


A brand new family of 160,000 psi locknuts 





Only Kaynar uses the famous resilient, self 
locking ellipse on its entire line. This exclu 
sive Kaynar self-locking principle is covered 
by Pat. *2,816,591— other patents pending 











(.@ KAYLOCK. 


All-Metal Self-Locking Nuts 


This is a family portrait of a brand new Kaynar locknut line- 
strength-rated at 160,000 psi. Each is related to the other by a well 
known Kaynar trait: unsurpassed quality. In the foreground is 
Kaynar’s new H-14, the industry’s first low height, lightweight, 
self-locking nut for 160,000 psi short thread bolts and screws. A 
product of Kaynar’s leadership in research, the H-14 as well as 
the complete line of Kaylock 160,000 psi lightweight, self-locking 
nuts paves the way for better designs in every space age project. 


Write today for Kaynar’s new full-] ne brochure of 160.000 
psi self-locking nuts. 


KAYNAR MFG. CO., INC.— KAYLOCK DIVISION 


World's largest and oldest manufacturer of lightweight, all-metal self-locking 
nuts. Home office and plant: Write Box 2001, Terminal Annex, Los Angeles 54. 
3ranch offices, warehouses & representatives in Wichita, Kansas; New York, N.Y.; 
Atlanta, Georgia. Canadian Distributor: Abercorn Aero, Ltd., Montreal, Quebec. 
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CHICAGO AERIAL INDUSTRIES 


1980 HA'WTHORNE, MELROSE PARK, ILLINOIS « Olfices: Dayton, Los Angeles, Washington, 0.C. 
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How to assign 
complete responsibility for 


WEAPON SYSTEM 
MANAGEMENT 


Raytheon’s broad experience in radar, counter- 
measures, missile guidance, sonar, communications, 
navigation—electronic equipment of every kind— 

is assurance of competence to shoulder complete 
system management responsibility. 


Over 32,000 skilled scientists, engineers and 
assemblers, working with some of the most advanced 
facilities in the industry, have built Raytheon’s 
reputation for “Excellence in Electronics’’. 


RAYTHEON MANUFACTURING COMPANY 
Waltham, Massachusetts 





AVIATION CALENDAR 


March 9-12—Aviation Division Conference, 
American Society of Mechanical Engi- 
neers, Statler-Hilton Hotel, Los Angeles. 

March 10-11—Third Annual Shock Tube 
Symposium, Old Point Comfort, Ft. 
Monroe, Va. For details: Armed Forces 
Special Weapons Center, Kirtland AFB, 
Albuquerque, N. M. Attn.: SWRS R. R. 
Birnkoff. 

March 12—Symposium on Microwave Tech- 
niques for Computing Systems, Depart- 
ment of Interior Auditorium, Washing 
ton, D. C. Sponsor: Information Systems 
Branch, Office of Naval Research. 

March 16-17—Conference on the Nuclear 
Optical Model, Florida State University, 
Tallahassee, Fla. Sponsors: National 
Science Foundation, Office of Naval Re- 
search, Air Force Office of Scientific 
Research/ Nuclear Physics Division. (Pub- 
lication of proceedings is anticipated.) 

March 16-17—Spring Conference, Lubrica- 
tion Division, American Society of 
Mechanical Engineers, Franklin Institute, 
Philadelphia, Pa. 

March 16-20—11th Western Metal Exposi- 
tion and Congress, American Society for 
Metals, Pan Pacific Auditorium and Am- 
bassador Hotel, Los Angeles, Calif 

March 23-25—Flight Testing Conference, 
American Rocket Society, Daytona Plaza 
Hotel, Daytona Beach, Fila. 

March 23-26—National Convention, Insti- 
tute of Radio Engineers, Coliseum and 
Waldorf-Astoria Hotel, New York, N. Y 

March 25-27—16th Annual Conference, Pa- 
cific Coast Section of the Society of the 
Plastics Industry, Hotel del Coronado, 
San Diego, Calif 

March 31-Apr. 3—National Aeronautic Meet- 
ing, Society of Automotive Engineers, 
Hotel Commodore, New York, N. Y. 

Apr. 2-3—Conference on Electrically Ex- 
ploded Wires, sponsored by the Thermal 

(Continued on page 6) 
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REQUEST BULLETIN # 59-125 
FOR COMPLETE TECHNICAL 
INFORMATION OR CONTACT 
OUR SALES REPRESENTATIVES 

. AIR SUPPLY COMPANY IN. 
NEERING COMPANY IN THE 
EAST ... GARRETT MFG. CORP, ~ 
IN CANADA. 





CompuDyne Control is a trade 
nome of cdc control services, inc, 


gain priceless 


CompuDyne® Control 


speeds research, development, production testing of 


missiles and rockets 


In the race against time, CompuDyne Control is playing an 
important role in aircraft, missile and rocket development. 


CompuDyne Control is available in a series of highly spe- 
cialized, dynamic control systems. They are capable of pro- 
gramming severe ramp changes in a complex group of test 
variables such as speeds, temperatures, pressures and flows of 
gases and liquids, in tremendous or tiny volumes. They are 
also available for extremely fast, high-accuracy positioning of 
valves, rocket nozzles and similar parts by electronic-hydrau- 
lic means, even where tremendous mass is involved. Or, 
CompuDyne Control Systems can be used for the accurate 
application of loading forces under dynamic conditions. 


Over two hundred CompuDyne Control installations are in 
operation. They include control of test facilities such as 
dynamic structural loading, engine performance, missile 
accessory, hot fuel flow, supersonic and hypersonic wind tun- 
nels and dynamic environmental chambers. 


Application of CompuDyne Control Systems is based on 
analog simulation of the systems and the test process. All 
systems are furnished on a guaranteed-performance basis. 


Write or wire for informative 24-page bul- 
letin entitled, “Valid Data . . . economically 
produced.” Ask for Bulletin G-102. 


<cdce control services, inc. 


401 S. WARMINSTER ROAD + HATBORO, PENNSYLVANIA 
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Radiation Laboratory of the Geophysics 
Research Directorate of the Air Force, 
Cambridge Research Center, Somerset 
Hotel, Boston, Mass. 

Apr. 5-10-1959 Nuclear Congress, Munic- 
ipal Auditorium, Cleveland, Ohio. For 
information: Engineers Joint Council, 29 
West 39th St., New York 18, N. ¥ 

Apr. 6-8—Fifth National Military-Industrial 
Conference, Palmer House, Chicago, II] 

Apr. 8—Aviators’ Post No. 743 Gen. Wil- 
liam Mitchell Award Dinner, Waldorf 
Astoria, New York, N. Y. 

Apr. 12-15—Annual Meeting, American 
Assn. of Airport Executives, Savannah, 
Ga. 

Apr. 12-16—International Conference on 
Fracture, Massachusetts Institute of Tech- 
nology, Cambridge, Mass. Sponsors: Air 
Force Office of Scientific Research/Solid 
State Sciences Division, Office of Naval 
Research, National Science Foundation, 
National Academy of Sciences/NRC 
(Contact: Dr. David K. Felback, National 
Academy of Sciences, Washington, D. C.) 

Apr. 12-19—Air Force Assn.’s World Con 
gress of Flight, Las Vegas, Nev 

Apr. 16—Conference on Aviation Safety, 
Hotel Statler, New York, N. Y. Sponsor 
Greater New York Safety Council 

Apr. 16-17—17th Annual Meeting, Aeronau 
tical Training Society, Desert Inn, Las 
Vegas, Nev 

Apr. 16-18—11th Annual Southwestern In 
stitute of Radio Engineers Conference 
and Electronics Show, Dallas Memorial 
Auditorium, Dallas, Tex 

Apr. 21-22—Spring Technical Conference on 
Electronic Data Processing, Cincinnati 
Section of the Institute of Radio Engi 
neers, Engineering Society Bldg., Cincin 
nati, Ohio 

Apr. 21-23—Ninth Annual Convention, In 
ternational Airline Navigators Council, 
Hotel Manhattan, New York, N. ¥ 

Apr. 22-24-1959 Annual Meeting, Institute 
of Environmental Engineers, LaSalle Ho- 
tel, Chicago, II 

Apr. 23-24—Quarterly Regional Meeting, 
Assn. of Local and Territorial Airlines, 
Bel Air Motor Hotel, St. Louis, Mo 

Apr. 30-May 1—Controllable Satellites Con- 
ference, American Rocket Society, Massa 
chusetts Institute of Technology, Cam 
bridge, Mass 

May 4-6—National Aeronautical Electronic 
Conference, Institute of Radio Engineers, 
Biltmore Hotel, Dayton, Ohio 

May 4-7—Fifth Annual Flight Test Instru 
mentation Symposium, sponsored by the 
Instrument Society of America, Seattl 
Section, Olympic Hotel, Seattle, Wash 

May 6-8—Seventh Regional Conference and 
I'rade Show, Institute of Radio Engineers, 
University of New Mexico, Albuquerque 

May 6-8—1959 Electronic Components Con 
ference, Benjamin Franklin Hotel Phila 
delphia, Pa. Sponsors: Institute of Radio 
Engineers, Electronic Industries Assn., 
American Institute of Electrical Engi 
neers, West Coast Electronic Manufac- 
turers Assn 

May 6-9—15th Annual National Forum, 
American Helicopter Society, Sheraton 


Park Hotel, Washington, D. C. 
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UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEERS WRITE AVCO/CROSLEY TODAY. 


AVEO />, ssley 


Crosley 
AmG ccosvvce 


the Falcon 
Air-to-Air Missile 


Avco’s Crosley Division is a major 
contributor to the production of one of 
the country’s most important air-to-air 
weapons, the Hughes Falcon missile. 
Crosley’s manufacturing facilities, its 
skilled personnel and its willingness to 
see the job through, on schedule and 
according to specification, again has won 
it a contract to produce stabilizer 

and flipper assemblies for the Falcon. 


For the same reasons—skill, quality, 
and willingness to meet difficult schedules 
—Crosley Engineering today is doing 
important work on another missile, 

the U. 8S. Navy’s Polaris. 


Crosley has to its credit other unique 
tasks that assisted in the development 


of Jupiter, Sergeant and Redstone. 


CROSLEY’S COMPLETE CAPABILITIES 

Together with its associated Avco 

Divisions, Crosley provides facilities 

and personnel for: 

e Weapons systems management from 
initial concept to production. 
Production and manufacturing for 


missiles and aircraft systems 


Research, development and engineering 
of: communications, air traffic control 
systems, telemetering, automatic test 
and support equipment, ground 


handling equipment and logistics. 


For additional information, write to: 
Vice-President, Marketing-Defense 
Products, Crosley Division, Aveo 


Manufacturing Corp., Cincinnati, Ohio 





World’s largest brazed steel honeycomb panel 


Produced by Rohr to test manufacturing feasibility, this 6 by 12 foot panel represents a giant 
stride toward meeting the structural demands of modern flight. 

A variety of structural inserts and external fittings, such as might be required in actual production 
units, have been incorporated. 

Manufactured to highest possible brazing standards, the construction of such a panel is perhaps 
the surest path through the thermal barrier confronting today’s designer of aircraft and missiles. 


AIRCRAFT CORPORATION 


MAIN PLANT AND HEADQUARTERS: CHULA VISTA, CALIF.; PLANT: RIVERSIDE, CALIF.: ASSEMBLY PLANTS: WINDER, GA.; AUBURN, WASH, 
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12.0 ‘G’‘ reduced to 0.6 ‘'G’ 


This Is Environmental Protection! 


Look at the above illustration, showing two Bendix air data sensors on an 
electromagnetic shake table. Notice the left hand unit which is mounted solidly 
to the oscillating head of the shaker. The image is blurred because a vibratory 
input of about .187% double amplitude at 35 c.p.s., equalling an acceleration force 
of 12 “g’s”, is being applied directly to it. 

Now look at the right hand unit mounted on a Robinson engineered 
mounting system...some difference! The clear image of this equipment shows 
the typically high isolation efficiency (over 95%) of the Robinson MET-L-FLEX® 
mounting design. 

Other Robinson designs provide similar protection at higher frequencies 
where the input often reaches 30-40 “g's”. The natural frequencies of such 
mounting systems are held within limits which are not critical to the equipment. 

Utilizing this mounting system radically reduces the environment to a level 
easily tolerated by any reasonably well designed electronic equipment. Such a 
mounting eliminates the need for costly and time consuming ruggedization. 
Over-all. space and weight are held to a minimum. 

Because of the proven performance and reliability record of airborne com- 
ponents now protected by Robinson mountings, an increasing number of manu- 
facturers in the electronics industry are incorporating Robinson mountings as 
an integral part of their basic equipment design. 


“Performance is the reason... Reliability the Result” 
ROBINSON CONTROL 1S RELIABILITY CONTROL 
ROBINSON 4Vi4TION INC: 

TETERBORO: NEW JERSEY 
West Coast Engineering Office: Santa Monica, Calif. 
- AND f f RER * BRA e a 2 O 











=>. 





THERE 
IS 

NO 
BETTER 
WAY 
THAN 
WITH 


LIQUID 
XYGEN 


Liquid oxygen is the safest, most efficient 


oxidizer commercially available for mis- 
sile and rocket propulsion systems. It is 
stable, non-toxic, non-corrosive, and easy 
to dispose of when necessary. That’s why 
it is used in IRBM and ICBM motors. 

Large volumes of liquid oxygen can be 
stored indefinitely in LINDE designed and 
built storage units — right where it is 
needed. Vaporization losses are minor— 
can be held to less than 5 per cent per year. 

Using LINDE’s methods, liquid oxygen 
can be transferred safely from storage — 
without pumps—ten times faster than 
previously. 

LINDE can supply large quantities of 
liquid oxygen almost anywhere in the na- 
tion—quickly, and at a cost of only pen- 
nies per pound, 

If you are concerned with the nation’s 
vital missile and rocket development pro- 
gram, take advantage of LINDE’s more 
than 50 years of experience in producing, 
transporting, and storing liquid oxygen. 
Call the LinDE office nearest you, or write: 
LinDE CoMPANY, Division of Union Car- 
bide Corporation, Dept. AW-21, 30 East 
42nd Street, New York 17, N. Y. 


Si Site). 
og N52 =) 19) 5 





TRADE-MARK 


“Linde” and “Union Carbide” are 
registered trade-marks of Union Carbide Corporation, ‘ 
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ARPA Seeks 1970-80 Missile Defenses 


P Anti-gravity, anti-matter, radiation weapon concepts to be studied 
in search for long term solutions. 
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THERMAL 
PROPERTIES OF 
LIGHTWEIGHT MAGNESIUM 


offer advantages to 
missile men 


Most engineers are aware of the ad- 
vantages available to them when they 
combine magnesium’s light weight with 
its good mechanical properties at ele- 
vated temperatures up to 800° F. There 
are, however, other advantages such 
as thermal properties that are less 
well known. They, too, can be of real 
value to missile designers. In many 
cases they will open new areas in 
design previously considered closed 
to magnesium. 


Let’s consider one of these, mag- 
nesium’s high specific heat and its 
relationship to missiles. This can mean 
lower temperatures for given flight 
conditions. As a result magnesium 
can be used under very severe flight 
conditions for short time applications. 
(See Fig. 2.) This permits the use of 
magnesium in high speed missiles 
which are exposed to heat generating 
atmosphere for only a matter of a few 


seconds. With magnesium acting as a 
heat sink it can result in reducing 
environmental temperature for elec- 
tronic instruments. 


Magnesium offers other thermal prop- 
erties that are of value in aircraft 
and missile design. For example, the 
thermal diffusivity of magnesium- 
Thermal conductivity 
Specific heat x density 
is high and remains fairly constant 
over a large temperature spread. 
Between 68° and 900°F. the thermal 
diffusivity of these alloys is in the 
range of 0.57 and 0.75 cm.?/sec. 
(2.2 and 2.9 ft.*/hr.) 
For more complete data send for 
Bulletin 141-187 “Magnesium Alloys 
for Elevated Temperature Use.” Con- 
tact your nearest Dow Sales Office or 
write to THE DOW CHEMICAL COM- 
PANY, Midland, Michigan, Depart- 
ment 1300X3-2. 





thorium alloys} 


Design a missile with light, strong magnesium alloys 
. SHEET for internal or external skins of body. 
DEEP DRAWN HOUSINGS 


and other 1 

. CASTINGS AND EXTRUSIONS for body frame. 

. CASTINGS AND EXTRUSIONS for fin and wing 
construction 


AND CASTINGS for guidance 


. ROUND EXTRUDED TUBING for integral body sections. 
. SHEET for external skins of fins, rudders and wings. 











Fig. 1. Specific Heat and Thermal 
nesium-Thorium alloys. 
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Fig. 2. Effect of Structure Temperature and Flight Time on 
Mg-Th Sheet Alloys ot Mach 4 and 50,000 Feet and Mach 
10 and 100,000 Feet. 
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EDITORIAL 





The Case for Nuclear Powered Aircraft 


Public hearings on the nuclear powered aircraft program 
will begin soon on Capitol Hill thanks to the persistent prod- 
dings of Sen. Clinton Anderson and Rep. Melvin Price of 
the Joint Congressional Committee on Atomic Energy. This 
will be the first opportunity for the American public to get 
any reasonably clear picture of the status of our military 
nuclear powered aircraft progress and the real reasons why 
this progress has reached a point of virtual stagnation. 

Until now, this program, with some genuine cause, has 
been heavily shrouded in secrecy. Only its opponents have 
been able to make public statements supporting their secret 
decisions to retard or eliminate its financial support. We are 
all familiar with the ““shitepoke” jibe of former Defense 
Secretary Charles Wilson when he tried to wipe out the 
entire program in 1953 and the more recent and technically 
indefensible statement of President Eisenhower that a nu- 
clear powered aircraft, even if successful, “could only fly a 
few hundred feet off the ground” (AW Dec. 15, p. 27). 
And, of course, the monotonous chant of Deputy Defense 
Secretary Donald Quarles with the leitmotif of technical 
timidity and false economy is a key roadblock in any attempt 
to organize and sustain any type of fruitful program in this 
area. Mr. Quarles’ consistent record of opposing any promis- 
ing new technical development program proposed in the 
Pentagon during the past four years, including the initial 
USAF space exploration efforts, the radar network to moni- 
tor Soviet missile tests, the WS-117L reconnaissance satel- 
lite and efforts on basic research hardly lend credulity to 
his testimony against the nuclear powered aircraft program 

We firmly believe, along with congressional and USAF, 
Navy and industry experts who have testified on the pro- 
gram that there is a vital need for an accelerated develop- 
ment program aimed at producing militarily useful atomic 
powered aircraft. Within the limits of this space we will 
try to summarize the case for this type of program. 

First, there is a definite military requirement for nuclear 
powered aircraft. 

For the Navy, a large nuclear powered aircraft with 
subsomic cruise speeds would make an ideal anti-submarine 
warfare weapon. Equipped with new and far-ranging detec- 
tion devices now under development, a relatively small fleet 
of these aircraft could effectively comb critical expanses of 
ocean rapidly and effectively to locate enemy submarines 
and keep them under constant surveillance, even those using 
nuclear power. For the 40 kt. speed of a nuclear powered 
submarine would avail little against the 350 kt. cruise speed 
of a nuclear powered ASW plane. The Navy believes it can 
best utilize an airborne nuclear reactor to drive turboprop 
engines with a closed cycle type of operation. For only a 
few million dollars it could take the first vital step toward 
developing this aircraft using the British Princess flying boat 
hulls now in mothballs at Cowes. 

For the Air Force, a nuclear powered aircraft would 
serve several useful purposes. It would provide a vital new 
element of flexibility and dispersal to our strategic deterrent 
capability that would be militarily more effective and eco- 
nomically more feasible than current airborne alert plans 
with chemically fueled bombers. 

A relatively small fleet of nuclear-powered bombers could 
remain on airborne alert continuously for periods of up to 
30 days. They would require relatively short periods on the 
ground for maintenance and crew changes between missions 
The entire fleet could be operated from a very few isolated 
island bases in the Atlantic and Pacific. These aircraft could 
carry heavy loads of long-range detection gear to provide a 
mobile flexible warning coverage beyond the capability of 
the fixed, immobile stations of the DEW Line and BMEWS 
that are so vulnerable to enemy ballistic missile attack 

The nuclear aircraft could also carry a sizable load of 


solid-fueled air launched 1,500-mi. ballistic missiles that 
would provide an important, dispersed and quickly available 
element of our strategic deterrent. 

In addition, the unlimited range of the nuclear powered 
aircraft makes it ideally suited for low level penetration to 
enemy targets under or around radar and missile defense 
systems. The high altitude nuclear explosions from Johnson 
island during the Hardtack operations in 1958 marked the 
turning point for both offensive and defensive aerial de 
livery systems. The nuclear effects at high altitude are s 
widespread and devastating from heat and radiation that 
neither presently known aircraft structures nor nuclear of 
fensive armament can remain useful when subject to its 
effect even at long range. 

It is this capability for long range, devious, low level pene 
tration, most probably through holes in an enemy's defense 
blasted by its own air launched missiles, that gives the 
nuclear powered bomber a capability utterly impossible for 
chemically powered aircraft even with aerial refueling 

The nuclear powered aircraft also fits into the military 
picture as a long-range, heavy cargo logistics support aircraft 
that could operate without refueling over intercontinental 
round trip ranges. 

Second, the development of useful nuclear powered air- 
craft is technically feasible, and this feasibility has been 
demonstrated in an experimental environment. 

The 13-year development program, starved for funds in 
its best years and almost choked lifeless by several economy 
dictated decisions, has laid the basis for technical exploita 
tion into workable hardware. If any doubts remain—and 
there are none among the technical personnel actually work 
ing on these projects—they will soon be dispelled by the 
public appearance of a Soviet nuclear powered aircraft whose 
existence was exclusively reported in Aviarion Week, Dec 
1 (p. 27). The public appearance of a nuclear aircraft 
during 1959 also was unequivocally promised by the official 
Soviet radio New Year's Day scientific broadcast Ther 
are many difficult engineering problems, particularly in high 
temperatures metallurgy, between experimental feasibility 
demonstration of airborne nuclear power and production of 
useful operational hardware. But the latter goal will never 
be achieved unless we take the first steps with the determi 
nation to progress through increasingly better systems until 
the desired efficiency and reliability are achieved 

rhird, radiological safety will permit operation of nuclear 
powered aircraft for military purposes, including exposure 
of aircraft crews and ground maintenance personnel and the 
civilian population at large. 

Many horror stories have grown to credulity in the atmos 
phere of unnecessary military secrecy that has surrounded 
the radiological safety aspects of nuclear powered aircraft 
both in the air and on the ground. There is no good reason 
why the results of military and industry studies and tests 
in this area should remain secret any longer, and we hop« 
Rep. Price’s group will pry it loose in the public interest 

Our nuclear powered aircraft program has suffered severel 
during the past five years from financial starvation and con 
stant shifts in goals and pace by people who have had only 
the briefest and most vague contact with, or understanding 
of, the genuine problems involved in this undertaking. At 
this late date in the history of our technological weapon 
development race with the Sovict Union, it is imperative 
that we organize a technically sound and militarily useful 
nuclear powered aircraft program. ‘Then, we must sustain 
it through its inevitable development problems and occa 
sional experimental failures and finally employ its eventual 
products usefully in the military pattern of the tuture tnat 
is essential to maintain our position of leadership for the 
free world. —Robert Hotz 





thanks to automatic xerography... 





A. Z. Mellon, left, supervisor, reproduction department, at West- 
inghouse jet engine plant, Kansas City, and O. D. Lambirth, 
section engineer, examine a series of offset paper masters that 
emerge as a continuous roll at the rate of 20 feet a minute 


from the XeroX® Copyfio® 11 continuous printer, background. 
The Copyfio printer has cut Westinghouse’s average cost of 
peeparing a master from 40 to 8% cents, and saved additional 
time and money in other paperwork duplicating applications. 


Westinghouse of Kansas City Saves *35,000 yearly 


A XeroX® Copyflo® 11 continuous 
printer—automatic xerography at its 
brilliant best—has reduced the cost of 
preparing offset paper masters by near- 
ly 80%, and stepped up reproduction 
capacity 25 times at the Westinghouse 
jet engine plant, Kansas City. 

In so doing the Copyflo printer is 
turning out clear, high-quality, paper- 
work reproduction at a faster rate than 
the division ever attained previously 
by any other method. 

The Copyflo continuous printer is 
saving Westinghouse $35,000 yearly. 
Recent changes in plant operations that 
will permit greater utilization of the 
Copyflo printer are expected to double 
those savings. 

Prior to its installation, the cost of 
preparing an offset paper master, for 
instance, was approximately 40 cents. 
Now it is 824 cents. 


Westinghouse previously could turn 
out only 200 masters a day. Recently, 
it prepared 617 in one hour on the 
Copyflo printer. 

Reproduction work at the Aviation 
Gas Turbine Division in Kansas City 
consists largely of forms, sketches, engi- 
neering drawings, change notices, and 
specifications. An important part of 
the volume is the reproduction of 
operational lineups, of which 100,000 
to 140,000 a month are turned out. 

Of priceless worth to Westinghouse 
is the speed with which engineering- 
drawing changes now reach produc- 
tion lines. Changes are distributed 
sooner, thus saving tremendously in 
machining operations. 

A Copyflo continuous printer is an 
automatic copying machine operating 
on the electrostatic principles of xerog- 


raphy to produce dry, positive prints 
or offset paper master ready for im- 
mediate use. The prints or masters—in 
enlarged, reduced, or the same size— 
emerge from the printer at the rate of 
20 feet a minute on a 2,000-foot con- 
tinuous roll 11 inches wide. 
Wherever fast and economic copy- 
ing of thousands of different docu- 
ments is the need, look to the Copyflo 
continuous printer for the happy solu- 
tion. For full details write HaLom 
Xerox Inc., 59-98X Haloid Street, 
Rochester 3, New York. Branch offices 
in principal U.S. and Canadian cities. 


HALOID 
XEROX 





WHO'S WHERE 





In the Front Office 


Thompson Ramo Wooldridge, Inc., has 
elected the following operating executives 
of TRW’s Thompson Products divisions, 
Cleveland, Ohio, to vice presidencies: Pierce 
T. Angell, engineering manager, Tapco 
Group; Robert E. Cummings, manager, 
Thompson Products Valve Division; Wil- 
liam M. Jones, manager, Thompson Prod- 
ucts Commercial Electronics Group; Carl 
L. Kahlert, manager, Thompson Products 
Replacement Division. 

Brig. Gen. John W. Carpenter, III, 
commander, Edwards Air Force Base Flight 
Test Center, Calif. Gen. Carpenter replaces 
Brig. Gen. Marcus Cooper now assigned to 
the Federal Aviation Agency. 

D. F. Magarrell, a director, United Air 
Lines, Inc. Mr. Magarrell is senior vice 
president-transportation services. 

William G. Reynolds and Joseph H. 
McConnell, executive vice presidents, Rey- 
nolds Metals Co., Richmond, Va. 

James K. Dysart, vice president-marketing, 
Leach Corp., Compton, Calif. 

Melvin L. Doelz, vice president-Western 
Division, and Robert C. Mullaley, assistant 
secretary, Collins Radio Co., Cedar Rapids, 
Iowa. 

Howard Carson, vice president, Cadillac 
Gage Co., subsidiary of Ex-Cell-O Corp., 
Detroit, Mich Mr. Carson is general 
manager—Costa Mesa, Calif., operations 

Louis R. Zimov, vice president-manufac- 
turing, and Dr. Leonard C. Maier, Jr., vice 
president-marketing-defense products, Cros- 
ley Division, Avco Manufacturing Corp., 
Cincinnati, Ohio 

Robert E. Achenbach, vice president, 
Flight Support, Inc., Metuchen, N. J. 


Honors and Elections 


Dr. John Mason, chief of preliminary 


design for The Garrett Corp.’s AiResearch 
Manufacturing Co., has been appointed to 
the National Aeronautics and Space Admin- 
istration’s Advisory Committee on Mechani 
al Power Plant Systems 

Harvey Riggs, president of International 
Electronic Research Corp., has been elected 
president of the Strategic Industries Assn., 
Los Angeles, Calif 

Frederick L. Holman, chief of engineer 
ing standards and procedures, Aircraft Divi- 
sion, Bell Aircraft Corp., has been appointed 
to the National Aircraft Standards Com- 
mittee of the Aircraft Industries Assn. 


Changes 
R. J. Landberg, assistant to E. H. Heine- 


mann, vice president-director combat air- 
craft systems engineering, Douglas Aircraft 
Co., Inc., Santa Monica, Calif. 

G. W. Trichel, military advisor to the 
group vice president-defense and special 
products, Chrysler Corp., Detroit, Mich 

Richard E. Roberts, head of the newly 
formed Instrumentation and Communica- 
tions organization of General Electric’s 
Missile and Space Vehicle Department, 
Phila., Pa. 

(Continued on p. 85) 
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INDUSTRY OBSERVER 


>» Escape systems tests for the National Aeronautics and Space Administra- 
tion’s Mercury Man-in-Space project already have begun under direction of 
Langley Research Center. Wind tunnel and landing systems tests began last 
October. NASA has awarded Thiokol, Inc., $110,000 for XM-19E1 rockets 
for escape system. 


® Gyrodyne drone helicopter under evaluation by Navy for use aboard 
destroyers will be used primarily as a “kill” weapon against submarines. Navy 
will rely upon destroyer detection gear to find the submarines, then launch 
the drones carrying small torpedoes in an effort to compensate for the World 
War II destroyer’s lack of speed in relation to that of a nuclear submarine. 
Designations of helicopters under evaluation are the single-engine DSN-1 
and twin-engine DSN-2. Powerplants being used are modified Porsche auto- 
mobile engines. 


> Fourth bidder for Army's Mauler anti-aircraft weapon system (AW Feb. 9, 
p. 23) is The Martin Co. The four became final contenders since they 
originally had had Phase I study contracts for the system. Award is expected 
within the near future. Other three bidders are General Electric, Convair 
and Sperry. 


> First three squadrons of Convair F-106 interceptors are scheduled to go 
into operational service late this spring or early summer at McGuire AFB, 
N. J.; Geiger AFB, near Spokane, Wash., and Andrews AFB, Md. 


> Third site for the ballistic missile early warning system (BMEWS), which 
the U.S. Air Force would like to locate near Prestwick, Scotland, has become 
the subject of a diplomatic dispute between the U.S. State Department and 
the British Foreign Office. USAF believes the third site is necessary for 
maximum effectiveness of the missile detection system. The British consider 
the site a prime target in case of war and are reluctant to grant permission 
for its installation. 


> Lithium, one of the lightest but most reactive metals, is not being over- 
looked by Air Force researchers as a possible structural material for future 
space vehicles. ARDC scientists have just established its tensile strength at 
84 psi. And although metal is kept under oil to prevent it from bursting into 
flame, the feeling is that it might prove serviceable in the near vacuum of 
space. 


>» Bureau of Aeronautics has begun procurement of beryllium wire for use as a 
reinforcing element in new composite aircraft structural materials 


> Navy plans to incorporate some anti-submarine “kill” potential into its 
Polaris fleet ballistic missile submarines—probably the Subroc underwater-to- 
air-to-underwater long range weapon now being developed by Goodyear Air- 
craft Corp.—to avoid necessity of having to supply each system with accom- 
panying killer submarines for protection. 

> Communist China is flight testing another new aircraft—the “Yenan-1” 
built at the Northwest Polytechnical Institute. The single-engine rgonoplane 
has a top speed of 121 mph. and a ceiling of 11,480 ft. It can caffy four to 
five passengers and also may be used for sports flying and agricultural work 


> Under present planning, Navy will eventually have a total of 51 ships 
equipped with either the Convair Terrier or Tartar surface-to-air guided 
missiles. Terrier ships will include five conventional-powered cruisers, a 
nuclear-powered cruiser and aircraft carrier, a nuclear-powered frigate, two 
Forrestal-class carriers, a destroyer and 19 frigates. Tartar ships will include 
three cruisers and 18 destroyers. 


> De Havilland of Canada has increased the gross weight of the DHC-4 
Caribou from 24,000 to 26,000 Ib. to provide a greater payload and length 
ened the cabin by 45 in. to accommodate an added row of seats which 
boosts passenger capacity of the aircraft to a total of 30 











Propulsion 


An astounding proposal : in 1784, just a year after the invention 
of the balloon, the Frenchman J. B. M. Meusnier conceived 
of an airship embodying the essentials of the modern dirigible. 
Beneath the gas bag hung a gondola control centre. There 
was a rudimentary rudder and three manually-operated 
propellers. A proper power plant was lacking, however, and 
perhaps that is why the dirigible remained a dream for another 
century. Aero designers of today are more fortunate. They 


ROJOL 


‘The world’s most experienced manufacturers of turbo- 


through the ages... 


Propeller-driven airship designed by J. B. M. Meusnier, 1784 


have the proper power plants available, and have fitted propellers 
to them, creating turbo-jet power packages. The Rotol people, 
for example, designed, developed and produced the propellers 
for the first turbo-prop aircraft and now supply over 100 
airlines and aircraft operators around the world who attest 
to Rotol reliability. Rotol turbo-props are standard equipment 
on the Vickers Viscount, Fairchild F-27, Grumman Gulfstream 
and Fairey Rotodyne. 


propellers — over 6,000,000 hours of flying time. 


Rotol Incorporated after-sales service throughout the United 
States provides immediate spare parts delivery, technical 


service on propeller operations and applications. 


For information on Rotol products and after-sales service, call J. Staples, President, Rotol Incorporated, 


409 Jefferson Davis Highway, Arlington 2, Virginia. 


Phone OTis 4-6290 











ARDC Shakeup 


Watch for a major shakeup in Air Research and De- 
velopment Command after the naming of a new com- 
mander to succeed Lt. Gen. Samuel Anderson who was 
recently nominated to command Air Materiel Command. 
Guiding lines for ARDC streamlining will be those out- 
lined in the Stever report prepared by a special com- 
mittee headed by Dr. Guyford Stever, former Air Force 
chief scientist and professor at Massachusetts Institute 
of Technology (AW July 14, p. 29). One of the biggest 
problems facing ARDC is reduction of its headquarters 
overhead and placing increasing emphas-s upon explora- 
tory research aimed at basic state of the art advances in 
critical areas. 


New Bid for ABMA 


Also look for the National Aeronautics and Space 
Administration to make another concerted attempt to 
absorb a portion of the Army’s Ballistic Missile Agency 
at Huntsville, Ala. before the end of the year. In every 
appearance before the House and Senate space commit- 
tees during the past few weeks, NASA administrator 
Keith Glennan has pointed to the feasibility of such a 
transfer. Glennan may have struck a responsive chord 
in Congress when he said NASA requires the capability 
to assemble and ground test space vehicles and to super- 
vise subsequent launching operations. ‘To build such an 
organization with the necessary facilities Glennan says, 
would require considerable funding while the transfer 
could be accomplished at relatively low cost. 

However, Army resistance to such a transfer is not 
expected to diminish. 


NASA Information Policy 


In another area, professional staff members of both the 
House and Senate space committees are considering the 
possibility of an inquiry into the public information pol- 
icies of the National Aeronautics and Space Admuinistra- 
tion. The act creating NASA directs the agency to pro 
vide the “widest practicable and appropriate dissemina 
tion of information concerning its activities and the re- 
sults there.” Complaints reaching staff members indi- 
cate that top officials seem reluctant to make public plans 
and programs of the agency. 


Jet Surcharge Approved 


International Air Transport Assn. traffic conference last 
week approved a jet surcharge on North Atlantic and 
South American routes to be effective April | as predicted 


by Aviation Weex last Oct. 27 (p. 26). Surcharge on 
first-class and de luxe seats on North Atlantic routes will 
be $20 while the surcharge for tourist and economy plan 
seats will be $15. On South American routes, the sur- 
charge will be based on a progressive scale pattern accord 
ing to mileage. For example, the surcharge on first-class 
and tourist flights between New York and Buenos Aires 
will be $20. No surcharges will be charged on jets operat- 
ing in the Eastern Hemisphere. Pacific routes will be 
studied at a later date to determine whether a surcharge 
shall be adopted when jets are introduced on these routes 
Cargo rates on certain commodities shipped over mid- 
North Atlantic routes were reduced about 30% below 
present rates. 


Washington Roundup 





Penalty Plan 


Legislation setting penalties of up to a $10,000 fine 
and a year’s imprisonment for participants in Civil Aero 
nautics Board cases who initiate off-the-record communi 
cations to CAB employes or members has been intro 
duced by Rep. Oren Harris (D.-Ark.) as a follow-up of a 
study of the operations of regulatory agencies by House 
Commerce Committee which he heads (AW Jan. 12 
p. 45). 

Even if the intent is not secrecy, CAB members and 
employes would be required to place all communications 
in a public file. If the communication is oral or tele 
phoned, a summary would be filed. Failure to file also 
would be subject to a penalty up to $10,000 fine and a 
year’s imprisonment. Harris’ measure also would 
e Establish a detailed code of ethics for Board members 
and employes. 
© Provide for selection of the chairman and vice chair 
man by Board members, instead of by presidential des 
ignation 
© Require that one Board member prepare or personally 
direct the preparation of each Board decision. ‘The mem- 
ber responsible would be identified in the decision 

Meanwhile, Harris is seeking a $200,000 appropria 
tion to continue the investigation of CAB and other 
regulatory agencies by a Commerce subcommittee which 
he will head again this year. 


In Congress 


Meanwhile, in other Capitol Hill action: 
e Nuclear aircraft. Rep. Albert ‘Thomas (D.-Tex.) is 
urging Air Force to withdraw its nuclear aircraft project 
from General Electric Co. and place it with a new con 
tractor. Thomas is chairman of the appropriations sub- 
committee which handles Atomic Energy Commission 
funds and was appointed to the Joint Congressional Com- 
mittee on Atomic Energy this vear. “The time element 
alone is enough to warrant a change,”’ Thomas declared 
“General Electric has been working on the project for 
eight or nine vears. Sometimes when one man can’t do 
the job, another man can.” Rep. Melvin Price (D.-Il1.), 
chairman of the Joint Atomic Energy Committee’s sub 
committee on research and development, took direct issu 
with Thomas, saving: “I see no cause for complaint with 
the contractors on this project,” he commented. “They 
have met every schedule that has been set, and the 
working on the project are dedicated. If there has been a 
hold-back it is not because of the contractors.” 
© Gas taxes. Rep. Wilbur Mills (D.-Ark.), chairman of 
House Ways and Means Committee, | 
President's proposal to increase the tax on aviation gas 
from 2 to 4.5 cents a gallon and also levy a 4.5 cent tax 
on jet fuel. Mills opposition means the measure has 
little chance of congressional approval. He is not yet 
committed on a levy of two cents a gallon on jet fuel, 
now tax free 
© Radio frequencies. House has voted the Commerce 
Committee $150,000 for a comprehensive study of the 
radio spectrum and policy on the award of frequencies 
Airlines object to the arbitrary requisitioning of fre 
quencies by government users. Air ‘Transport Assn. and 
Acronautical Radio, Inc., now have a court case pending 
against the FCC for withdrawal of frequencies needed for 
airline communications services from 
—Washington staff 


men 


Oppose d to the 


+ 
governmecn use 
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ARPA Seeks 1970-80 Missile Defenses 


Anti-gravity, anti-matter, radiation weapon concepts 
to be studied in search for long-term solutions. 


By James A. Fusca 


Washington—Countermeasures that are aimed at providing essentially com- 
plete defense of the United States against ballistic missiles in the approximate 
period between 1970 and 1980—including anti-gravity, anti-matter, and radia- 
tion weapons—will be investigated in a study program sponsored by the 
Advanced Research Projects Agency. Contracts will be let early next month. 

Basically, the program is an attempt to break away from the present envi- 
ronment of engineering limitations in solutions to the ballistic missile 
defense problem, and to find better fundamental approaches to a long-run 


solution. 


Funds available for the program total $1.5 million, about 1.5% 


of ARPA’s ballistic missile defense budget. 


Ihe program is known as GLIPAR 
‘tanding for Guide Line Identification 
liogram for Anti-Missile Research. 
Vhase I will last nine months. It will 
consist of six months of study by some 
5-10 contractors of possible advanced 
defense mechanisms, one month for 
preparation of technical summary re- 
ports, and a final two months’ working 
meeting where representatives of the 
individual contractors will combine 
their results into a “single cohesive 
evaluation” to provide a basis for action 

ARPA 

Some scientists have ridiculed con- 
ideration of such concepts as anti- 
gravity for missile defense. ARPA em 
phasizes, however, that the GLIPAR 
program is an attempt to break loose 
scientific thinking from conventional 
ipproaches to the missile defense prob- 
kim so that all potentially applicable 
plivsical mechanisms can receive un- 
prejudiced examination. 

Potential bidders received a briefing 
on the GLIPAR program at the Penta 
gon Keb. 20 from personnel of the Bal 
listic Missile Defense Branch of ARPA’s 
Institute for Defense Analyses. About 
50 major airframe and electronics com 
panies plus several university groups 
ittended 

One of ARPA’s responsibilities is re 
scarch and development leading to ad 
vanced capabilities in ballistic missile 
Phase | of the GLIPAR pro- 
gram is aimed at setting out initial 
guide lines for research to develop such 
cpabilities some 12 to 20 years in the 


cic fe nse. 


future 

Che threat for this period is defined 
is any offensively “thrown” matter di 
rected at the United States, including 
specifically any matter traveling along 
a path which in any part is essentially 
ballistic. The destructive potential of 
the threat is not limited to nuclear wat 
heads 

The 


countermeasures to be sought 


must come close to being totally effec- 
tive in preventing the threat from car- 
rving out its mission. Those measures 
which give basic advantages to the de- 
fensive operation will have the highest 
values. The objectives of Phase I are 
to identify and assign relative value to 
the advanced defensive mechanisms 
which have maximum potential. 

The program will not require dem- 
onstrations of feasibility. Instead, it will 
require rigorous or detailed semi-rig- 
crous proofs that a particular mechan 
ism is not feasible. Approaches which 
appear to be valuable and which can 
not be proved not feasible, will be kept 
for further consideration 

Proposals for Phase I must be sub 
mitted to ARPA by Mar. 20. ‘The 
nine-month study contracts to be 
awarded will each approxi- 
mately 50 man-months of highly com- 
petent technical time. ‘The proposals 
will be examined by com 
inittee made up from the three services 
and ARPA, with ARPA making the 
final selection of some 5-10 contractors 
about April 3 

Lhe first six months of cach contract 
will be spent in study in the individual 
Each wall have 
mechanisms 


involve 


an advisory 


contractor's laboratories 
the freedom to sclect the 
cr physical phenomena for missile de- 
fense to be examined—and each should 
expect to examine closely some 5 to 
!5 possibilities, according to ARPA. 

I'he basic conservation laws of physics 
will be applied to develop those chat 
acteristics of the mechanisms selected 
that will permit their evaluation for 
missile defense. Engineering difficul 
ties are to be of no concern in th: 
studies, but the appropriate physical 
laws must be satisfied throughout 

At the end of the sixth month each 
contractor will prepare a summary re 
port covering the work accomplished 
Ihis is expected to take one month. 

Ihe contractors will then provide 


one representative each to participate 
in a working mecting that will last 
for a maximum of two months. ‘This 
meeting will combine the individual 
results into a group evaluation to b« 
used by ARPA as a basis for deciding 
on Phase II. 

Phase I may indicate that the phil 
osophy behind the Army’s Nike-Zcus 
anti-missile missile system—that of firing 
a rifle bullet to intercept a rifle bullet—is 
the only practical approach to missilc 
defense for the foreseeable future. If, 
however, the program uncovers morc 
promising approaches, ARPA will push 
development. 

Two objections appear to have b« 
raised to the program. At the bidder 
briefing, a representative of the Bell 
l'clephone Laboratories stated that he 
did not believe Bell would be inter 
ested in participating because the six 
month’s limitation on laboratory stud\ 
appeared to be placing a time limit on 
achievement of a breakthrough. 

Others present at the briefing ob 
jected to the small number of uni 
versity research groups present. ARPA 
states, however, that only the space 
available for the briefing limited the 
number of invitations, and that un 
solicited proposals for program studies 
would be given equal consideration 


Cornell Studying 
High Power Radar 
Buffalo, N. Y.—Problems of micro 


wave propagation in long range missilc 
tracking and development of very high 


powcr microwave radars will be ex 
plored by Cornell Aeronautical Labora 
torv under a $1.3 million contract 
awarded last month by U.S. Army Ord 
nance Corps, acting as contracting 
agency for the Advanced Research Proj 
ccts Agency 

Che program will be a continuation 
of high power radar studies originating 
with the laboratorv’s work on the Plato 
missile system and a late 
$200,000 Army contract which ended 
last fall. The earlier program resulted 
in successful transmission of 21 million 
watts of peak power at S-band frequen 
cics. 

The new project will aim at tran 
mission of peak powers as high as 
million watts, with a variety of puls 
lengths and repetition rates. Averag: 
power may be raised to 50,000 watts 

Also included in the studies will b« 
investigations of propagation phe 
nomena that may limit the utility of 
future microwave radars in such appli 
cations as the tracking of interconti 
nental ballistic missiles. 


anti-missile 
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SPACE probe vehicles soon available range from Scout to three-engined Atlas-Hustler. 


Space Technology 





U.S. Plan for Rocket Vehicles 
Includes Manned Flight to Mars 


By Evert Clark 


Washington—U. S. is planning a 
family of rocket vehicles for a variety 
of missions ranging up to a manned 
round trip to Mars. All propulsion 
stages for vehicles in this long-range 
plan either exist now, are under devel- 
opment or in the feasibility study stage. 

National Aeronautics and Space Ad- 
ministration officials outlined the plan 
to the Senate Committee on <Aero- 
nautics and Space Sciences. 

Vehicles toward the far end of the 
time scale would put satellites of up to 
42,000 Ib. into a 22,000 mi. orbit, put 
a 19,900 Ib. payload on the moon, and 
send a 55,000 Ib. payload to Mars, 
providing for a 25,000 Ib. return pay- 
load. 

Vehicles in the order of payload 
capability, and roughly in the order of 
their availability, are 
e Project Scout—150 Ib. payload in a 
300 mi. orbit, or heavier loads in lower 
orbits. This is a 70-ft., 35.000 Ib. four- 
stage solid propellant vehicle now being 
developed for NASA (see story on p 
22). Air Force also will use a version 
of this vehicle. Initial tests are due by 
mid-1960. 

e Thor-Hustler. This is the Douglas 
lhor missile booster plus Bell Aircraft 
Corp.’s Hustler engine, which uses JP-4 
and red fuming nitric acid. It is in 
use in Advanced Research Projects 
Agency’s Discoverer military satellite 
program (AW Feb. 16, p. 30). 

e Atlas-Able. This is the Convair Atlas 
missile booster with the same upper 
stages used in Thor-Able vehicles— 
Aerojet’s Vanguard second-stage liquid 
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fueled engine and Allegany Ballistic 
Laboratory's Vanguard third-stage solid 
propellant engine plus a payload stage 
Under present plans, this will be used 
for the first time on June 4 in an 
attempt to send a payload into orbit 
around the planet Venus (AW Feb 
23, p. 26). 

® Atlas-Hustler. Atlas booster plus the 
Bell Hustler upper stage. This could 
put some 3,000 Ib. into a 300 mi. orbit 
e Vega. This vehicle is now unde 
development by ARPA. It uses an Atlas 
first stage, General Electric X-405 Van 
guard first-stage engine as its second 
stage. Initial Vega vehicle would consist 
of just these two stages. Later version 


would use a 6,000 Ib. thrust storable 


382 STAGE 
STORABLE PROPELLANTS 
NEW- JPL 


2" STAGE 
LOX-HYDROGEN 
NEW~ CENTAUR 


" 1ST STAGE 
MODIFIED ATLAS 





ft 


liquid engine now being developed by 
NASA's Jet Propulsion Laboratory and 
probably will be ready in less than two 
years. 

e Centaur. This would use a modified 
Atlas with high-energy fuels as a first 
stage, the 15,000 Ib. thrust liquid oxy 
gen and hydrogen Centaur stage now 
being developed by Convair and Pratt 
& Whitney as a second stage and a 
storable liquid third stage. ‘The Centaur 
engine is under ARPA supervision now 
but will transfer to NASA on July | 
NASA refers to the entire vehicle as 
Centaur rather than just to the stage 
Storable stage may be the 6,000 Ib 
thrust JPL engine or a 20,000 Ib 
thrust storable engine now under study 
The Centaur vehicle be ready in 
about three years 

eSaturn. This is 
million Ib. thrust 


may 


based on the 1.5 
Rocketdyne cluster 
now being developed for ARPA by 
Army Ballistic Missile Agency. First 
vehicles have only stages 
Upper stages for a four-stage vehick 
have not been made final but present 
planning calls for the cluster topped 
by a modified Titan I; a liquid oxygen 
and nitrogen third possibly th 
Centaur—and a storable liquid fourth 
stage. Early vehicles are expected to 
be ready for flight in 1960 

© Nova. This a vehicle of up to five 
stages, depending upon the mission, 
ind based upon a cluster of four of 
the 1.5-million Ib. thrust single-cham 
ber engines now being developed for 
NASA bv Rocketdyne Second 
would be a single one of these engines 
third and fourth stage would be a new 
liquid oxvgen and hydrogen engine and 
the fourth storable 
engine 

e Vehicle using nuclear upper stage o1 
stages. The Atomic Energy Commi 


sion-NASA Rover nuclear rocket project 


ma\ two 


stage 


st ig 


would be a liquid 


3% STAGE 
STORABLE PROPELLANTS 
NEW~ JPL 


2™° STAGE 
LOX~ KEROSENE 
NEW- VEGA 





1ST STAGE 
MODIFIED ATLAS 


i 


HIGH ENERGY FUEL CONVENTIONAL FUEL 
CENTAUR space probe configuration is at left; Vega (right) is under ARPA development. 
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SIZE of advanced boosters can be seen by comparison with figures of men at base level. 


is aimed at eventually providing thes¢ 
stages 

Ihev probably would be placed atop 
the six million Ib. cluster. 

Vehicle availability for putting vari 
ous payloads into orbits or sending 
them into is expected to run 
this way 
¢ 300 mi. orbit—Vchicles now can put 
up 100-150 Ib. and vehicles available 


spacc 


Space Technology 





soon can orbit 2,000 Ib Atlas with 
staging—which could be Vega or Cen 
could put up 7,400 Ib. Saturn 
could orbit 19,000 to 25,000 Ib. and 
Nova could orbit 150,000 Ib 

@ 22,000 mi. orbit—lirst vehicle with 
this capability will be Atlas plus stag 
ing, with a payload of 1,300 Ib. Saturn 
could orbit 3,300 Ib. and Nova could 


orbit 42,000 Ib. 


taur 


@ Lunar landing—V chicles available soon 
can send a 300 Ib. payload Atlas with 
staging, 730 lb.; Saturn, 1,800 Ib. 
Nova, 19,900 Ib. The Nova would 
not be suitable for landing a man and 
returning him because payload drops 
to the vicinity of 2,000 Ib. for a re 
turn trip. 

e Mars flight—Chemical stages, prob- 
ably the Nova vehicle, could send 7,500 
lb. to Mars and provide for returning 
750 Ib. A vehicle using nuclear upper 
stages could carry a 55,000 Ib. pavload 
to Mars, providing for a 25,000 Ib 
return—which should be enough by the 
time this vehicle is ready to allow for 
manned reconnaissance and return to 
carth. 

The 1.5-million Ib. single 
engine is expected to be available som« 
time between three and six vears from 
now. 

By the time it is ready for use, these 
upper stages are expected to be ready, 
in this order: 

e 6,000-Ib. thrust storable liquid engin 
under development by Jet Propulsion 
Laboratory. 

e 15,000-Ib. thrust liquid oxygen and 
hydrogen engine under development by 
Convair and Pratt & Whitney 

e 80,000-Ib. thrust liquid oxygen and 
hydrogen engine now under study 

¢ 20,000-Ib. storable liquid engine now 
under study. 


chamber 


NASA Asks $49 Million Supplemental 


By Ford Eastman 


W ashington—National Acronautics 
ind Space Administration is requesting 
$45,354,000 in supplemental funds for 
liscal 1959—a figure more than $3 mil- 
lion above the amount Congress slashed 
from the 1959 budget last summer 

Supplemental estimates presented to 
the subcommittee of the Senate Com 
mittee on Aeronautical and Space 
Sciences include: 
® Research and development, $20,750, 
000, all earmarked for NASA’s manned 
space flight program, Project Mercury 
Congress knocked $20.02 million for re 
scarch and development estimates from 
the Fiscal 1959 budget last vear, ap 
proving $50 million of the $70.2 mil 
lion requested. 
¢ Construction and equipment, $24.,- 
250,000, of which $12.05 million is 
for new tracking facilities, $3.2 million 
for propulsion-development testing fa 
cilities and $9 million for other new 
facilities and modifications at the Jet 
Propulsion Laboratory. NASA requested 
$47.8 million for this in its original 
Kiscal 1959 budget request; Congress 
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reduced the figure by $22.8 million to 
million 

e Salaries and expenses, $3,354,000 to 
cover cost of salary increases provided 
bv the Classified Pay Act of 1958. Con- 
gress approved $5 million of the $7 
million requested last summer for Fiscal 


959 


$25 


Congressional approval of the 1959 
supplemental would give NASA a total 
of $384,073,532 for the fiscal vear, in 
cluding a transfer of funds from the 
Defense Department totaling $154, 
619,532. Of this, $57.8 million 
from the Air Force, $67.2 
million from the Advanced Research 
Projects Agencv, $25,541,282 from 
Navy for the Vanguard satellite project 
and $4,078,250 from the Army for the 
Jet Propulsion Laboratory of California 
Institute of ‘Technology 


Fiscal 1960 Estimates 


NASA estimates for 1960 to 
tal $485.3 million, of which $94,430.- 
000 is for salanes and expenses, $333, 
070,000 for research and devclopment 
and $57.8 million for construction and 


Keith Glennan, NASA 


Was 
5 


transferred 


liscal 


equipment. ‘1 


administrator, told subcommittee chair 
man Sen. John Stennis (D.-Miss.) that 
dditional funds probably would be 
required during Fiscal 1960 under a 
supplemental appropriations request 
Congress has vet to take the Fiscal 
1960 requests under consideration 

Glennan added that, in his opinion 
this would be the last vear NASA 
would request a budget as small as onc 
lialf billion dollars. He estimated that 
the figure would reach $2 billion in 
two years. 

I'wo major projects now under wa 
that will require sizable portions of re 
scarch and development funds during 
the next few vears, Glennan said, are 
Project Mercury and propulsion pro 
grams. 

Project Mercury already is budegctc 

$37,661,200 in Fiscal 1959 and an 
cther $20,750,000 is requested under 
the supplemental. Cost of the project 
in Fiscal 1960 is estimated at $70 mil 
lion. Before the program is completed 
Glennan said the bill will have ex 
ceeded $200 million. 

The single-chamber 1.5 million Ib 
thrust booster under development bi 
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orth American Aviation is budgeted 
it $12 million in Fiscal 1959 and $30.2 
million in Fiscal 1960, Glennan told 
the subcommittee. However, before 
the single chamber booster reaches a 
state of usefulness, the cost will have 
exceeded $200 million. 

Total cost of the national booster 
program to provide the building block 
units of basic rocket engines required 
for the space program, Glennan added, 
will exceed $2 billion. 

Out of the $24,250,000 requested for 
construction and equipment, $9 million 
is for new facilities and improvements 
to existing facilities at the Jet Propul- 
sion Laboratory. A large part of this 
will be used to relocate various rocket 
test facilities and related equipment to 
1 non-hazardous location where safety 
code standards can be met. 

At present, all but 10 of the 92 facili 
ties on the laboratory site in Pasadena 
are non-conforming, Glennan said 
Modifications to existing facilities to 
meet changing requirements would in- 
volve major alterations. 

Necessary land acquisition will cost 
$375,000. Relocation of utilities will 
total $2,775,200; relocation of test facil 
ities $1,931,800. Modernization of sup 
port facilities will cost $2,255,000. 
Necessary new facilities will cost $1, 
488.000 plus $175,000 for a new sub 
station and transformer pad. 

The largest item under construction 
and equipment is the $12,050,000 re- 
quested for tracking facilities, which 
Glennan says are needed now because 
of the long lead times of much of the 
electronic gear. 

Glennan told the subcommittee ex 
perience gained during the initial oper 
ation of the Minitrack electron 
tracking stations in the International 
Geophysical Year program proved th« 
need for improving and augmenting 
existing systems to provide more relia 
bility and increased capability for track 
ing satellites in high inclination orbits 


New Tracking Stations 


l'o accomplish these objectives, it is 
planned to establish four new electronic 
tracking stations in Alaska, the U.S., 
Newfoundland and Europe and to in 
stall additional, improved equipment at 
some of existing Minitrack stations 

Improvements will include addition 
of real-time digital data read-out equip 
ment and additional antenna arrays for 
coverage of satellites in high inclina 
tion orbits. It also will be necessary to 
shift the operation of all stations to a 
higher radio frequency since the 105 
me. frequency now used is temporary 
To make the frequency change, rework 
ing of all Minitrack radio receiving 
equipment and antenna arrays will be 
required. 

Tracking and reception of telemetry 
data from space probes will require th« 
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provision of special high-gain, low-noise 
receiving systems at several points on 
the earth’s surface. One has been built 
at Goldstone, Calif., and funds re 
quested are for two more, one in Aus- 
tralia and the other in South Africa 
Each station will include large para- 
bolic-antenna units to pick up the low 
level signals, sensitive radio receiving 
equipment and __ electronic-hydraulic 
servo system for controlling the an 
tenna. 

Detailed studies of the problems of 
recovering carth satellites, particularly 
manned systems, Glennan said, estab- 
lished the desirability of northeast 
launchings from Cape Canaveral with 
recoveries on the second and_ third 
orbits along the existing Atlantic Mis 
sile Range complex. 

Such operations will require the 
installation of precision radar acquisi 
tion, tracking, communication and 
associated systems at Bermuda in 


order to provide accurate trajectory 
information on the satellite after 
ster cutoff to establish that the satellite 
to imuitiatc 


boo 
is in the desired orbit and 
abort action if unsatisfactory 

Recovery of a manned satellite on the 
second and third orbit require 
precision tracking during the re-entry 
phase, Glennan told the subcommittec 
He hopes to provide precision radar 
acquisition, tracking, communications 
and associated systems in Hawaii to 
provide initial impact point prediction 
during the first phase of satellite re 
entry 


will 


Emergency Control 


This station also will provide a ca 
pability for emergency command con 
trol of retrorocket firing in the satellite 
in the event of malfunctioning of th« 
preset timer systems 

Glennan said still 
radar acquisition, tracking communica 


another precision 





Program 

AIKCRAFT, MISSILE, AND 
SPACE-CRAFT RESEARCH: 

Support of NASA plant 

Support of JPL plant 

Research contracts 
SCIENTIFIC INVESTIGATIONS 
IN SPACE: 

Sounding rockets 

Earth 

Lunar probes 

Deep-space probes 

Vanguard program 
SATELLITE APPLICATIONS 
INVESTIGATIONS: 

Meteorology 


satellites 


Communications 
SPACE OPERATIONS 
PECHNOLOGY: 

Manned space flight 

Space rendezvous techniques 
SPACE PROPULSION 
LABORATORY: 

Solid fuel rockets 

High-energy fuel rockets 

1-million pound thrust single cham- 

ber engine 

Nuclear rocket engines 

Space engines 

Auxiliary power units 
SPACE SYSTEMS TECHNOLOGY: 

Advanced vehicle systems 

Booster recovery systems 

Orbiting space laboratories 
SUPPORTING ACTIVITIES: 

Tracking and data acquisition 

TOTAL, RESEARCH AND 
DEVELOPMENT 


Allotments 


$338,800 
8.156.500 
500,000 


400,000 
700,000 


7,661,200 $20.750.000 


7,000,000 


,000,000 
500,000 


4,300,000 


$204,619,532 


NASA Research, Development 
Programs—Fiscal 1959 & 1960 


1959 
Supplemental 


Fiscal 1960 
Regular 


Fiscal 


Estimates Estimates 


$16,670,000 
8,156,500 
8,200,000 


10,000,000 
61,800,000 
24,043,500 
22,500,000 


10,000 
000,000 
021.750 


000,000 


25,541,282 


15,000,000 
13,000,000 


70,000,000 
3,000,000 


3,000,000 
17,000,000 


700,000 


30,200,000 
8,000,000 
3,000,000 
3,000,000 


300,000 
500,000 


1,500,000 
1,500,000 
2.000.000 


500,000 
500,000 
11,500,000 


$20,750,000 $333,070,000 














tions and associated systems station is 
needed to track a re-entering satellite be- 
tween the western and eastern area of 
the U. S$. He proposed that the station 
be located in southern Texas and 
equipped for precision tracking of satel- 
lites launched northeast from Cape 
Canaveral on the first three orbits. 
Cost breakdown includes: 

e Extension and improvement of satel- 
lite electronic tracking stations, $3.3 
million. Of this, $2,124,000 is for 
equipment and facilities for four new 
stations, including $110,000 for antenna 
arrays, $346,000 for electronic equip- 
ment and $75,000 for site preparation 
and utilities. Another $1,176,000 of 
the total is for modification and im- 
provement of existing electronic tracking 
stations, of which $720,000 will go 
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for rework of 12 stations to change 
radio frequency, $156,000 for digital 
read-out equipment and $300,000 for 
antenna arrays at six stations. 

e Facilities for space probe tracking 
network, $3.5 million. Of this amount, 
$1.9 million is for initial site prepara- 
tion, roads, utilities and housing at two 
stations; $950,000 for two 85-ft. dia- 
meter antenna systems; $460,000 for 
two radio receiving units, and $190,000 
for two antenna servo control systems. 
e Equipment for support of manned 
space vehicles, $5,250,000. This in- 
cludes $1,750,000 for precision radar 
system for insertion tracking and guid- 
ance, $1,750,000 for precision radar 
for initial re-entry tracking and control 
and $1,750,000 for precision radar for 
mid-course and landing tracking. 


NASA Awards Scout Contracts 


Washington—Contracts for the 70-ft., 
35,000-Ib. Project Scout gencral purpose 
space rocket (AW Feb. 2, p. 26) have 
been awarded by National Acronautics 
and Space Administration, and Air 
Force is in the process of selecting con- 
tractors for Scout’s military counterpart. 

NASA and USAF will supervise de 
velopment with a joint team. USAF’s 
vehicle—System 609A—will differ from 
Scout in several respects. 

Both are intended to be modular 
rockets with stages that can be used in 
various combinations. All Scout stages 
ire solid propellant. With the possible 
exception of the third stage, all are off- 
the-shelf items. 

Scout will be assembled at Langley 
Research Center and fired initially from 
the nearby Pilotless Aircraft Research 
Station at Wallops Island, Va. Assem 
bly contract has not yet been awarded 

Basic Scout consists of four stages 
and could put 150 |b. into orbit or send 
a payload of about 100 Ib. to an altitude 
of 5,000 mi. It also will be used in 
high-speed re-entry tests. Stages and 
contractors are 
e First stage—Aerojet-General Corp.'s 
Acrojet Senior, with more than 100,000 
lb. of thrust. ‘This engine originally was 
called Jupiter Senior when the Jupiter 
intermediate range missile still was a 
joint Army-Navy project. At the time 
it was the largest solid engine that had 
been fired. It powered an early Polaris 
test vehicle. Contract, let through 
Navy's BuOrd, totals $1,020,000. 
@Second stage—Thiokol Inc.'s im- 
proved Sergeant rocket designated 
I'X-33-20. Contract is awarded through 
Army Ballistic Missile Agency and 
totals $620,000. 

e Third stage—Allegany Ballistic Lab- 
oratory’s X-254 engine, a scaled-up ver- 
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sion of the X-248 third stage engine 
developed for the Vanguard satellite 
vehicle. Scale-up may be as high as 
three or four times the X-248’s thrust, 
which is about 2,500 Ib. Contract is let 
through BuOrd, and totals $4,120,000. 
e Fourth stage—Allegany’s X-248 en- 
gine, which will be used in Vanguard 
and has been used in Thor-Ables and 
USAF lunar probes. Contract is through 
BuOrd, totals $100,000. 

The NASA program also includes a 
$90,000 contract for Thiokol XM-45 
rockets. Same type of rocket will be 
used as escape rockets in the Mercury 
manned capsule project. NASA has not 
explained what their use would be in 
the Scout program, but it may be for 
spin stabilization or retrorockets. Con- 
tract is let through ABMA 

Guidance and spin stabilization con- 
trol for the fourth stage will be done 
bv Minneapolis-Honeywell Corp. 


Rocket Contracts Let 


“" - 

For Project Mercury 
rocket 
vehicles to be used in four phases of 
Project Mercury, including a solid-pro- 
pellant Little Joe vehicle for the first 
phase, have been awarded by National 
\cronautics and Space Administration. 


Washington—Contracts for 


Another shot, designated Big Joe 
and using an Atlas, will be fired some- 
time this summer. Atlas will carry the 
bervllium heat shield and some other 
heavy components of the manned cap- 
sule to a great height on a near-vertical 
trajectory to test re-entry heating. 

Little Joe is the transport vehicle for 
the first full-scale capsule tests. De- 
tails of the vehicle and the concept of 
its operation were first revealed by 


Aviation Week on Dec. 15 (p. 26). 
North American Aviation’s Missile Di- 
vision will provide seven vehicles and 
a launcher under a $400,000 contract. 

Thiokol, Inc.’s improved TX-33-20 
and ‘T'X-33-22 Sergeant rockets used in 
Polaris test vehicles will provide the 
thrust, being ignited in pairs, and Thio- 
kol XM-19E1 Recruit rockets will be 
arranged around the main rockets to 
provide a high initial boost. Sergeant 
contract is for $2.2 million and was 
let through Army Ballistic Missile 
Agency. Recruit contract is for $110,- 
000. 

This first phase program also includes 
a $120,000 contract to ABMA-Thiokol 
for XM-45 capsule escape rockets. 
¢Second phase of Mercury testing 
will use Chrysler Redstone boosters 
equipped with capsules that will carry 
animals and, on later shots, possibly 
a man. Contract to Army Ordnance 
Missile Command for Fiscal 1959 is 
$4.49 million, with the final contract 
cost expected to reach $15.5 million. 
¢ Third phase will use Chrysler Jupiter 
boosters and also will include use of 
animal capsules and probably manned 
capsules fired on less-than-orbital trajec- 
tories. Contract to Army Ordnance 
Missile Command for Fiscal 1959 is 
$2.74 million; total contract cost is 
estimated at $4.45 million. ABMA will 
make the necessary modifications to 
the Chrysler-produced Redstones and 
Jupiters. 
e Fourth phase will use Convair Atlas 
D boosters the vehicle which will put 
the manned capsules into orbit. ‘Iwo 
contracts have been let through Ait 
Research and Development Command's 
Ballistic Missile Division for Fiscal 
1959, one for $1.4 million and the 
other for $5.6 million. 

Contracts already awarded 
44) call for one Atlas-Able and two 
Thor-Ables (AW Feb. 23, p. 26) and 
one improved vehicle—possibly an Atlas 
topped by the General Electric X-405 
Vanguard engine—all for firing in 1959 
and 1960; at least four to six Juno II 
boosters for satellites and space probes; 
$140,000 to Minneapolis-Honeywell 
Regulator Co. for automatic flight con- 
trol systems for Project Mercury; and 
contracts for rocket thrust chambers 
and tooling and propellant tank assem 
blies for a liquid hydrogen rocket test 
program at Lewis Research Center. 

Also included is $2.15 million for 
the orbiting of a 100-ft. inflatable 
sphere of plastic coated with alumi- 
num, which will serve as a_ passive 
communications satellite. Originally, 
the plan was to send it up this year, 
using a Juno vehicle, but present plans 
call for launching in 1960 with either 
a Thor-Able I or some improved vehi- 
cle. 

Contract is with Army Ordnance 
Missile Command. 


(see p- 


AVIATION WEEK, March 2, 1959 








Program 
AIRCRAFT, MISSILE, AND SPACE 
CRAFT RESEARCH: 
Support of NASA plant 
Support of JPL plant’ 
Research contracts .. . 


Sounding rockets 

Earth satellites 

Lunar probes 

Deep-space probes . 

Vanguard program’ 
SATELLITE APPLICATIONS 

INVESTIGATIONS: 
Meteorology 
Communications 


Manned space flight 
Space rendezvous techniques 


Solid fuel rockets 
High-energy fuel rockets 


Nuclear rocket engines 

Space engines cathe 

Auxiliary power units — ; 
SPACE SYSTEMS TECHNOLOGY: 

Advanced vehicle systems . 

Booster recovery systems 

Orbiting space laboratories . . 
SUPPORTING ACTIVITIES: 

racking and data acquisition 


MENT 


Functional breakdown not available. 





1-million Ib. thrust single chamber engine 


Scientific 
and 
technical 
studies 


Prototypes 
and 
operational 
hardware 


$1,049,000 


$8,200,000 


SCIENTIFIC INVESTIGATIONS IN SPACE: 


$6,000,000 
46,000,000 
17,443,500 
17,000,000 


500,000 
3,000,000 
3,000,000 
4,000,000 


8,000,000 
6,500,000 


200,000 
500,000 


SPACE OPERATIONS TECHNOLOGY: 


300,000 
,000,000 


49,700,000 
1,500,000 


SPACE PROPULSION TECHNOLOGY: 


1,800,000 
13,600,000 
30,200,000 
5,500,000 
1,800,000 


2,700,000 


800,000 
3,400,000 


2,000,000 
1,000,000 
200,000 


1,200,000 
1,200,000 
900,000 900,000 


800,000 1,500,000 


TOTAL RESEARCH AND DEVELOP. 


$35,200,000 $210,143,500 


1,500,000 
9,800,000 
2,600,000 
1,000,000 


5,000,000 
4,000,000 


13,000,000 


200,000 


, 200,000 


$45,649,000 


National Aeronautics and Space Administration 
Functional Breakdown—Research and Development—Fiscal 1960 
Contracts For: 


Operations 
and technical 
services 


Supplies, 
equipment, 
repairs, and 
alterations 


$15,621,000 $16,670,000 
8,156,500 


8,200,000 


2,000,000 
3,000,000 
1,000,000 

500,000 


10,000,000 
61,800,000 
24,043,500 
22,500,000 


800,000 
,000,000 


15,000,000 
13,000,000 


,000,000 
500,000 


70,000,000 
3,000,000 
400,000 3,000,000 
17,000,000 
30,200,000 
8,000,000 
000,000 
000,000 


300,000 
200,000 
100,000 


500,000 
,500,000 
,000,000 


300,000 
300,000 
200,000 


1,700,000 11,500,000 


$33,921,000 $333.070,000 








35,000-ft. Sled Track ‘Tested 


AFB—Air Force formally 
inaugurated its 35,000 ft. high speed 
test sled track last week with a super- 


Holloman 


sonic run in which two live rats were 
used in a g-force study. 

Test sled carrying the rats 
boosted to a speed of 1,090 mph. by an 
Astrodyne Megaboom solid rocket 
motor that delivers 100,000 Ib. of thrust 
during its 10 sec. firing period. Sled 
traveled nearly 30,000 ft., coasting to a 
stop before it reached the water brake 
at the end of the track. 

During the inaugural run, vibration 
characteristics of equipment aboard 
were tested and studies were made of a 
new anti-g chamber developed by 
Harald von Bekh, technical director of 
the Aeromedical Field Laboratory. Onc 
of the rats rode in a trapeze-type rig in 
which it swung into a position where g 


was 
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forces acted transvcrsely during accelera 
tion, then swung around to a new po 
sition to get the transverse effect during 
deceleration. The second rat rode in 
head-to-toc position to provide a com- 
parison. Both rats survived the trip 
Astrodyne propellant 
was one of a type using modular design 


solid booster 
concept in which various extruded sizes 
and shapes of propellant are combined 
to provide the propulsion needed for a 
particular test run. This modular ap- 
proach lends flexibility to test operations 
by permitting researchers to tailor the 
booster precisely to the requirements of 
a particular run. 

Astrodyne has developed its capability 
for producing small extruded ammo 
nium nitrate solid propellant grains 
through experimental programs and 
through a JATO production program 


which is now phasing out at the com 
plant 
Megaboom booster used to propel the 


pany’s McGregor, ‘Tex 
sled was constructed of ammonium ni 
trate extruded propellant segments a 
sembled to meet specifications for the 
job and held in place by a system of 
teel rods and plates 

Several Megaboom motor 
it Holloman in 


have been 
used for track missions 
the past 

Booster used in the sled run last 
week was produced nearly two years ag 
by Rocket Fuels Division of Phillip 
Petroleum Co. before this division was 
absorbed by Astrodyne, a subsidiary of 
Phillips and North American Aviation 
The 21 ft. 11 in. motor hauled 
2,000 mi. by truck and under 
varying climatic conditions before fir 


was 
stored 


ing 

Megaboom booster was 38% in. in 
diameter, weighed 3,934 Ib. empty and 
9,460 Ib. loaded 








Process of Decision 

Washington—President Eisenhower was asked at his press conference last week 
about what a reporter termed “great discrepancies” in testimony by military experts 
on the Fiscal 1960 budget “as to whether we have adequate defense.” 

“.. . Is there not some way to avoid public confidence being undermined,” the 
reporter asked, “and in view of the international situation, is there not some way 
that we can get these leaders and yourself to arrive at a reconciliation of views as to 
what we actually need for defense?” Following is the President's reply: 

“Well, I'm a little astonished at that question. I have been, certainly, all my life 
in this same problem. For the last six years I have had the final responsibility so far as 
the executive department, and as my position as Commander-in-Chief are concerned. 

“Now, very naturally there are conflicting views in any proposal that humans make. 
I would doubt that you could find any three people sitting in this room who, with 
respect to their idea of the way a newspaper ought to be operated, would give you 
identical views. 

(Laughter). 

“Now, you are certainly not going to get such identical views in people who, 
themselves, believe that in their service, in their own function, lies the safety of the 
United States. Someone has to—has to make the decision. That happens to be the 
Commander-in-Chief. 

“Now, and I must say this, and I think possibly this is the first time that I have 
ever violated my own conception of humility and modesty: I think I am more able 
than any one of those individuals of whom you speak to make an over-all decision on 
behalf of the United States in this vital matter, because I again assure you that just 
by spending money does not make us stronger. Indeed, if you spend too much 
money, you will make us weaker. That is when the nicety of judgment comes in— 
what do we need; get that; get that by all means, and get no more. 

“And remember, our system is a balanced one. We should not concern ourselves 
so much with one single item. Somebody makes a demagogic talk about a missile, 
or somebody else about a different submarine or a piece of radar. You have got a 
whole level of balanced types of equipment, training, organization, and strategy that 
we believe fits our system. 

“As a matter of fact, just two or three nights ago Adm. Burke made a speech 
somewhere, I believe in Carolina, on this subject, and I thought it was indeed good.” 

(In his speech, Adm. Burke said: ““Whether the USSR has one-half as many or 
several times as many missiles as the United States is really academic as long as we 
have the assured capability of destroying Russia and as long as the Soviets know it 


and are really convinced of it.”) 











Navy Variable Thrust 
Liquid Rocket Tested 


Lake Denmark, N. J.—Naval Air 
Rocket ‘Test Station here has designed, 
made and tested an advanced, variable 
thrust, liquid propellant rocket engine 

Additional firings are now under way 
to confirm initial data, and a complete 
report will be made in about two 
months 

Mhrottlability in liquid rocket engines 
is not, of course, a new achievement. 
Vhe French and British have been using 
throttled engines for a number of years 
In the United States, the Reaction Mo- 
tors and Curtiss-Wright powerplants for 
the X-1, X-2 and X-15 aircraft were 
and are throttlable to some degree. And 
Naval Ordnance ‘Test Station (see p 
#3) recently developed throttle-con- 
trolled prepackaged liquid propellant 
engines. 

The significance of the new NARTS 
system lies in its “unique” capability 
of maintaining optimum chamber pres- 
sure throughout the variable thrust 
range. In earlier engines which were 
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throttled just at the injector to control 
propellant flow, there was usually a 
sharp fall-off in pressure and the danger 
of combustion instability when the flow 
rate was cut back. 

lo avoid this problem and maintain 
optimum chamber NARTS 
scientists have gone to a dual throttling 
system in which the rocket engine is 
throttled both at the injector and at 
the throat. ‘This arrangement is reported 
to give engines a 20-to-] throttling ca 
pability and can be used with either 
pump or pressure-fed powerplants, 
using prepackaged or the most current 
cryogenic propellants 

Almost every liquid rocket power- 
plant from small verniers and drone en 
gines up through the prime propulsion 
svstems for missiles and manned rockets 
are potential candidates for the new 
thrust control according to 
NARTS. 

Adapted to existing rocket engines, 
the new dual throttling system could be 
in production and operational in a year. 
It would take longer, of course, to de- 
velop and produce a completely new 
engine with the new throttling ar- 
rangement. 


pressure, 


system, 


>. > 
U.S. Navaid Wins 
ICAO Recognition 

Montreal—After one of the most bit- 
terly fought technical arguments of re- 
cent years, the U.S. gained recognition 
of its VOR/DME-T as the interna- 
tional standard short range navigation 
aid. Contesting the decision were the 
British and Commonwealth supporters 
of the Decca system (AW Feb. 16, p. 
35) here at the special meeting on short 
distance navigation aids of the Interna- 
tional Civil Aviation Organization 

Voting at the meeting last week was 
e For continuation of VOR as the 
international standard short range aid 
for terminal and en route areas: 34 in 
favor, none opposed, 2 abstentions 
e For extending the protection date for 
VOR (the period during which it shall 
remain an international standard) to 
Jan. 1, 1975: 28 in favor, 1 opposed, 6 
abstentions. 
eFor modifying the present recom 
mended DME standard to meet the 
specifications of DME-T: 30 in favor, 
4+ opposed, 6 abstentions. 

e For adoption of DME-T as an inter 
national standard, to be installed in 
conjunction with VOR where required 
the most hotly contested issue of the 
meeting: 20 in favor, 4 opposed, 12 
abstentions 
e For establishing a protection date of 
Jan. 1, 1975, for the DME-T standard 
24 in favor, none opposed, 11 absten- 
tions. 

Although the principal issue of the 
meeting was decided in this voting last 
week, the meeting will continue this 
week for the purpose of formally deter 
mining the final language of the new 
standards 

The British are expected to fight a 
stiff rear-guard action in an effort to 
gain some type of official recognition 
of the Decca system in the ICAO 
recommendations. 


Victor B.2 Bomber 
Makes First Flight 


London—Handley Page Victor B.2 
bomber made a successful maiden flight 
last week. The plane is the first pro- 
duction aircraft to fly with Rolls-Royce 
Conway bypass engines. It has four, 
each of 17,250 Ib. thrust. 

Among the new features of the B.2 
is a small Blackburn Artouste turbine 
engine built into the starboard wing 
root. It drives a generator providing 
emergency power in low level flight, 
and provides air pressure to start star- 
board engines. Port engines are started 
by air pressure from the starboard ones, 
making the aircraft independent of 
ground starting supplies. 
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Canada Seeks U.S. Defense Contracts 


By J. S. Butz, Jr. 


Ottawa—Canada hopes to claim an 
increasing share of U. S. defense pro- 
duction contracts to help offset the ef- 
fects -of its controversial decision to 
rely primarily upon U. S. weapon sys- 
tems for its own aerial defense. 

Tentative plans to give Canadian 
industry access to the U. S. defense 
procurement program, and Canada’s 
hopes for substantial U. S. business, 
were made known as an aftermath of 
the Canadian government's decision to 
cancel the Mach 3 Avro CF-105 Arrow 
interceptor and the Orenda Iroquois 
turbojet engine contracts. Both con- 
tracts had been widely subcontracted 
to Canadian industry and provided the 
principal support of a large percentage 
of the Canadian aircraft complex, the 
nation’s third largest industry. 


Other Developments 


Other developments: 

e Cancellations left long-range future 
of the two firms and of the “flying 
saucer” annular jet project under de- 
velopment by Avro for USAF and the 
U. S. Army in doubt. However, Avro 
hopes to continue development of the 
annular jet program and still has con- 
tracts for the modification of CF-100 
aircraft for the Royal Canadian Air 
Force. 

@On the day the cancellations were 
announced, all employes of the Avro 
and Orenda companies, approximately 
13,800 engineers and production work- 
ers, were discharged. Two firms now 
have enough work to keep between 
2,000 and 4,000 persons at work. Many 
of these already have been recalled, but 
only a small portion of the total are 
design engineers, and the exodus to the 
U. S. apparently already has begun. 

e Government's position was that the 
Arrow decision had been made pri 
marily on military grounds but that 
Canada also was seeking the best de- 
fense bargain it could find when it de- 
cided to rely almost exclusively upon 
the Boeing Bomarc interceptor missile 
for aerial defense. Prime Minister John 
G. Diefenbaker said: 

“T say with all of the seriousness that 
I can put at my command that the 
production of obsolete weapons as a 
make-work program is an unjustifiable 
expense of public funds.” 

e Opposition, in turn, charged that the 
Bomare had originated as a “make- 
work” program for Boeing. 

Only concrete evidence the govern- 
ment could offer to back its hopes for 
increased U. S. defense business was 
the award of a $1.7 million subcon- 
tract by Boeing to Canadair for the 
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production of Bomare wing and tail 
sections. 

However, according to U. S. sources, 
more than 100 Canadian firms have 
been invited to participate in bidding 
for other Bomarc subcontracts, and 180 
Canadair engineers are working on loan 
in Seattle on Boeing’s missile program 
(AW Feb. 23, p. 25). 

Canadian subcontractors will partici- 
pate in the complete production pro- 
gram, not just on those missiles ear- 


marked for the RCAF. 
Wheat Canada Wants 


Raymond O'Hurley, Canadian Min- 
ister of Defense Production, says the 
government's present aim is to ensure 
equal opportunity for Canadian firms 
in bidding on U.S. contracts and that, 
once this is achieved, “the real success 
of production sharing endeavors de- 
pends to a large degree upon the deter- 
mination of Canadian industry vigor- 
ously to seek defense business in the 
U.S. as either prime or subcontractors.” 

O'Hurley added that Canadians 
would have to become competitive with 
U.S. industry in terms of technical 
competence, delivery and price 

One potential hitch in Canada’s plans 
is the Buy America Act which is still in 
effect in the U.S. It requires, in many 
instances, that foreign bids for U.S. de 
fense business be subject to duty and 
also must be raised by approximately 
6% when its bid is considered alongside 
those of U.S. firms. It has not vet been 
determined whether the act will apply 
under the present loose U.S.-Canadian 
arrangements initiated last December 

Canadian ability to compete for prime 
U.S. contracts also may be seriously 
limited if the Avro and Orenda engi 
neering and management forces are not 
held intact. 

Che government apparently believes 
that the principal Canadian opportunity 
will be subcontracting to large U.S 
primes. Opinion is widespread in the 
Canadian industry, however, that this 





Air Launch Test 

Cape Canaveral, Fla.—First of McDon- 
nell Aircraft Corp.’s two-stage test vehi- 
cles for an air-launched ballistic missile 
(AW Jan. 26, p. 23) has been fired from 
the ground over the Atlantic Missile 
Range. Second stage is controllable. Mis- 
sile was fired from an Honest John 
launcher. McDonnell is the third con 
tractor in the feasibility study phase and 
developed the test vehicle with company 
funds. A number of firms are planning 
to bid in the competition for an opera- 
tional version. 











will not work and that a definite agree 
ment must be reached allotting Canada 
a definite portion of the production for 
mutual defense. 

Feeling behind this is that the shrink 
ing number of contracts available to the 
U.S. aircraft industry and the relatively 
large number of unemployed in _ the 
U.S. will combine to develop too great 
a political pressure to permit any siz 
able volume of business to leave the 
country. 

One program that has been developed 
primarily with U.S. funds over the past 
several years—and because there was no 
comparable U.S. project—is Avro’s Fly 
ing Saucer Project which the company 
describes as a “revolutionary type ver 
tical takeoff aircraft.” 

Che project utilizes the annular jet 
principle which offers the possibility of 
increasing lift as a vehicle enters the 
ground effect by a factor of 100 or more 
as compared with a lift increase of 15 
to 20% for airplanes and helicopters 

Several firms are conducting small 
scale experimental work along these 
lines, but Avro is expected to be the 
first by several vears to fly a man-carry- 
ing version. Before the Arrow cancella 
tion, first flight of the Flying Saucer was 
scheduled for sometime this spring o1 
summer 


Project Cancellation 


At the time of the cancellation of th« 
CF-105 and Iroquois projects, Prim 
Minister Dicfenbaker told the Hous« 
of Commons that the primary reason 
behind the government's action was th« 
belicf that “events had overtaken the 
Arrow” and that it is now obsolete. H« 
conceded that development of the ait 
craft was a significant technical achieve 
ment but offered no hope that the 
government could utilize the facilities 
of the Avro and Orenda companies in 
the immediate future 

Position of A. V. Roe, the 
company which controls both Avro and 
Orenda, made shortly afterwards 
when the company accused the govern 
ment of failing to give it any warning of 
the cancellation and of not meeting 
with its officials to discuss proposed 
development projects which could b 
useful to the nation and save the expe 
rience and ability that had been built 
into the engineering design groups at 
Avro and Orenda 

The matter was debated in the 
House of Commors the following day 
while normal business was suspended 

Parliamentary opposition to Diefen 
baker did not challenge the cancellation 
of the Arrow program, and most 
Canadians, as well as members of 
Parliament, appeared to that 


holding 


was 


agree 
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development of advanced weapon sys- 
tems such as CF-105 is too costly for 
a nation of approximately 17 million 
people to undertake alone. 

The government reiterated its posi- 
tion of relying upon the Boeing Bo 
mare interceptor missile for the acrial 
defense of Canada under an arrange- 
ment whereby the U. S. would bear 
two-thirds of the cost and Canada one- 
third. 

Disagreement as to fact developed 
between the government and the com- 
pany on several major points concern- 
ing the Arrow program, particularly 
total cost. The company said cost of 
production of 100 aircraft would be 
less than $4 million each; the govern- 
ment put the cost at approximately) 
$7.8 million. The government figures 
were not seriously challenged during 
the debate in commons 

Another reason for the CI-105 
cancellation, according to Diefenbaker, 
is that “‘already the U. S. Air Force has 
decided not to continue with the fur- 
ther development and production of 
U.S. aircraft” having the same general 
performance as the Arrow. During the 
debate in Commons, he _ identified 
the U. S. aircraft as the Convair F-106. 
Maximum speed of the I’-106 is approxi- 
mately Mach 2. The CF-105 has a 
potential of Mach 3. 

Later in the debate, Diefenbaker, 
who read from Canadian newspapei 
and periodical reports to make many of 
his points, quoted an article which said 


that the Arrow was capable of spceds 
of above 2,000 mph. but only in short 
bursts. 

Its Mach 3 speed would place the 
Arrow relatively close to the general 
performance category of the North 
American F-108, which is scheduled to 
be in development over the next several 
years. 

It has been widely reported in Can- 
ada that the five Arrows now flying 
with Pratt & Whitney J75 engines have 
approximately equaled the world speed 
record of 1,404.19 mph. set by the 
Lockheed F-104. The sixth flight test 
Arrow now nearing its initial flight date 
will be powered by Orenda Iroquois 
turbojets which will increase the power 
available by 30% or more for approxi- 
mately the same engine weight. 

Performance estimates are that the 
Iroquois will add 400-to-500 mph. to 
the aircraft's top speed and bring it to 
the Mach 3 speed range. 

Possibility of ever proving whether 
the Arrow and its Iroquois engines could 
reach this speed free of serious trouble 
is now largely academic. It would be 
virtually impossible to continue a flight 
test program in such an early stage 
without large-scale engineering support 
which the government is not prepared 
to pay 

Ihe government also indicates that 
it will not release that test data that 
has been collected thus far because, 
although no Western power is inter- 
ested in either the engine or the air- 





country and return again.” 





—™ . 
Intelligence Schism 
Ottawa—Variance in Canadian government's interpretation of intelligence on the 
Soviet bomber potential and that of the U.S. government, apparently from the same 
information, became apparent during House of Commons debate on the cancellation 
of Mach 3 Avro CF-105 interceptor. Minister of National Defense G. R. Pearkes said: 
“All of the information we can get from the sources available to the government 
indicates that the threat of the manned bomber against this country is diminishing.” 
At another point, Pearkes told Commons that “the indication has been that the 
Russians are not continuing the production of any type of bomber more advanced 
than that known by the code names of the Bear and the Bison, and that the number 
of Bear and Bison aircraft in the Russian inventory is extremely limited and, further- 
more, that these are the only two types of Soviet bomber which could reach this 


The Defense Minister also challenged a statement by an opposition member of 
Parliament that military observers recently said that the Russians in the mid-1960s 
would still have an inventory of 1,000 to 2,000 bombers capable of striking Canada 
in addition to its inventory of intercontinental ballistic missiles. 

Pearkes replied that the statement “must not be taken as indicating that these 
2,000 bombers could reach this continent or that more than a small fraction of that 
number could even make the return flight even if they were unopposed.” 

U.S. military intelligence has reported that the Russians now have under develop- 
ment a supersonic bomber code named the Bounder. While USAF in 1957 revised 
downward its estimates of Soviet production of the Bison jet bomber after it became 
evident to the Russians that the aircraft would have difficulty in performing an 
intercontinental mission, there has been little serious suggestion that the manned 
bomber threat has diminished. Development of the Bounder apparently was designed 
to provide an effective replacement for the Bison. 

Details and initial test flights of a prototype of a Soviet nuclear-powered aircraft 
were first reported by Aviation Week in an exclusive story last Dec. 1, (p. 27). 








frame, it feels that the information 
possibly could aid a potential enemy 

Official reaction of the Roval Cana 
dian Air Force to the cancellation of the 
CF-105 is lacking since in Canada 
advice from the military is rarely madc 
public except through the civilian mem 
bers of the government. 

However, Air Marshal Rov Slemon 
RCAF deputy commander of the North 
American Air Defense Command, madc 
his support of the CF-105 public last 
November and was severely repri 
tmaanded in Ottawa. Slemon said 

“We would be derelict in our duty 
not to make recommendations in which 
we seriously believe. . . . If I have gonc 
beyond propriety, I’m quite prepared to 
suffer the consequences because I bc 
lieve I must be quite frank.” 

In discussing the CF-105’s perform 
ance, Prime Minister Diefenbaker rr 
ferred to another published report that 
the fighter’s combat radius was onl 
about 500 mi. He said that such a 
range did not warrant calling the ait 
craft a long-range jet fighter as it had 
been represented to the Canadian 
people. 

Diefenbaker also said that the Arrow 
could not enter general squadron serv- 
ice until 1962 when long-range ballistic 
inissiles would represent the primary 
threat to North America. 

According to government estimates, 
Arrow expenditures in some years of its 
development and production schedule 
would have come close to 10% of the 
over-all defense budget. 

Diefenbaker said that “the cost of 
the Bomarc missile to Canada, as com 
pared to the $781 million for the CF- 
105, is approximately $110.8 million 
l'‘hat represents something that must be 
taken into consideration, all things 
being equal and the defensive proper 
ties of each are about the same.” 

Political thought in Canada now 
scems to range from a great fear that 
Canada will lose its sovereignty if it 
does not have the technical capability to 
develop advanced weapons and does not 
pay completely for its own defense to 
beliefs at the other end of the scale 
that, if the U.S. will not share equitabls 
in defense production, Canada should 
withdraw gradually from the North 
American defense picture and let the 
U.S. carry the burden alone. 

Holders of the latter view point to 
the fact that U.S. troops have been sta 
tioned in European countries for years, 
with the U.S. paying a large share of 
the defense costs, and that none of 
these countries has lost its sover 
eignty. They add that savings to Canada 
incurred by throwing most of the bur 
den of defense to the U.S. could then 
be expended on the economic develop 
ment of the country. 

Diefenbaker and most of his opposi- 
tion are pursuing a course falling be- 
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tween these two extreme views. 

Anti-American feeling is being ex- 
pressed in some quarters because USAF 
failed to show any positive interest in 
the Arrow program and several other 
Canadian projects with acknowledged 
merit. Thus far, however, no strong 
sentiment has developed, and most 
judgment probably will be reserved un- 
til the outcome of U.S. and Canadian 
production sharing efforts become clear. 

Public exchange between the govern- 
ment and A. V. Roe was bitter after 
the contract terminations. It included: 
©A. V. Roe said it had no advance 
warning of termination. The govern- 
ment said just as strongly that the hand- 
writing was on the wall for all to see. 
e Diefenbaker said company manage- 
ment had discharged all its workers in 
an effort to embarrass the government. 
Avro said it had to discharge everyone 
and then rehire according to seniority 
to abide by union agreements. The 
combined Avro-Orenda payroll was 
around $1 million a week at their em- 
ployment levels of two weeks ago. 
© Diefenbaker spoke at length in Com- 
mons about the Avro “lobby” and the 
severe pressure the company purport- 
edly brought to bear in an effort to save 
the Arrow. 
eGovernment said the company had 
failed to propose any serious plans for 
alternative work if the Arrow were can- 
celed. The company replied that it had 
made six proposals which no one in the 
government would discuss. 

Degree of misunderstanding existing 
was illustrated when the Prime Minister 
discussed a company proposal for a 
small turbojet transport to replace the 
Viscount. Diefenbaker said that the 
company had wanted $30 million just 
to get the program under way. A com 
pany official stated that the offer to the 
government had been to risk consider 
able Avro funds in the development. He 
said its proposal had been to get a 
guarantee from the RCAF for the pur- 
chase of 25 of the aircraft. The sales 
price would be adjusted so that develop 
ment costs would be amortized for a 
production of 100 aircraft and the com- 
pany would have the responsibility for 
selling the rest. 

Two meetings were held early last 
week between Diefenbaker and the 
A. V. Roe management. No statements 
were issued after the meetings except 
government assurances that means were 
being explored to find employment for 
the Avro and Orenda workers. 


Douglas Sets Sales 
Record; Profits Drop 


Santa Monica, Calif.—Douglas Air- 
craft Co. sales in 1958 reached a record 
high of $1,210,454,621, but net carn- 
ings dropped to $16,847,028, or $13,- 
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Discoverer Aborted 


Vandenberg AFB—Second U.S. at- 
tempt to launch into a polar orbit its 
first Discoverer satellite vehicle was 
scrubbed last Wednesday only a few sec- 
onds before launch time. The abort came 
after more then four hours of “holds” of 
the fully fueled rocket. Although no 
official description of the technical diffi- 
culties encountered has been forthcom- 
ing, the abort may have resulted from 
valve freezing caused by the liquid oxy- 
gen used in the Thor first stage during 
the long delay. 

A previous attempt to launch the Dis- 
coverer last Jan. 21 was canceled as a 
result of an inadvertent error by pad per- 
sonnel when the Ullage rocket used to 
clear the starting turbopump of cavita- 
tion was fired by mistake. When the 
inhibited fuming red nitric acid was 
dumped for safety reasons, some seeped 
into the first stage Thor rocket. Ullage 
rocket is in the Bell Hustler second stage. 











818,224 less than the company earned 
in 1957. 

Company officers told stockholders 
the drop in earnings resulted from write- 
offs totaling $67.7 million on the DC-8 
turbojet transport program; fewer de- 
liveries of DC-6 and DC-7 propeller- 
driven transports; a protested renegotia- 
tion payment to the federal government 
of $2,025,000, and increasing labor and 
materials costs 

Douglas missile business increased 
109% over the previous year, with sales 
of $415.6 million, compared with 
$199.1 million in 1957 

Military aircraft 
million 

At the close of the fiscal vear (Nov 
30), the company employed 72,000 
workers, down 4,000 from a similar pe- 
riod in the previous year. Company said 
a further reduction in work forces will 
be made in 1959, adding “this decline 
might be considerably greater than that 
in 1958, according to estimates based 
on present firm orders and letters of in 
tent.” 


sales were $536.8 


News Digest 





Second Air Force-Martin Titan inter 
continental ballistic missile was success- 
fully test fired last week from Cape 
Canaveral, Fla., over a 250-300 mi. 
range in the second checkout of first 
stage-propulsion, guidance, structural in 
tegrity, etc. Dummy second stage was 
used. Four missiles originally were 
scheduled in this test phase, but two 
successful flights might cause a telescop 
ing of this part of the program. 


Contracts totaling $1.9 million for 


30 sounding rockets to be fired from 
Wallops Island, Va., and Ft. Churchill, 
Can., in 1959 and the first half of 1960 
have been awarded to Naval Research 
Laboratory by the Space Sciences Divi- 
sion of Nationa! Aeronautics and Spacc 
Administration. The division also has 
contracted with NRL for $2 million 
worth of instrumentation on 15 satel 
lites and space probes that are to be 
fired this vear and next. Instruments 
will measure moon’s magnetic field, 
micrometeorite impact, cosmic radia 
tion, etc. NASA has awarded Daniel, 
Mann, Johnson & Mendenhall, archi 
tects and engineers of Los Angeles, a 
contract for design of two launch em 
placements, a blockhouse, and a static 
test facility at Wallops Island. Cost is 
estimated at $2 million. Launch em- 
placements may be used to launch both 
— and solid propelled research 
vehicles. 


Thiokol Chemical Corp. directors 
last week voted in favor of a 3-for-] split 
in outstanding capital stock, subject to 
stockholder approval on April 16. Split 
will be for stockholders of record April 
20. 


Convair Astronautics Division of Gen- 
eral Dynamics Corp. has awarded a $3.1 
million contract for Atlas intercontinen 
tal missile ground support equipment to 
Systems Division of Consolidated Elec 
trodynamics Corp Equipment includes 
high pressure helium and nitrogen con 
trol systems used for checkout of Atlas 
and fuel prior to 


pneumatic systems 


firing. 


Grand Rapids Division of Lear, Inc., 
has received a $3 million follow-on 
order for coordinate converter systems 
for Boeing Bomarc IM-99A 
System provides basic gyro 
and airborne computer for 
guidance. 


missile 
reference 


flight 


Study contract in the field of anti 
defense has been awarded to 
Solar Aircraft Co., San Diego, Calif., 
to be administered by Army Ordnance 
Missile Command Contract was 
awarded as result of a new approach 
developed by Solar and proposed to 
Advanced Research Projects Agency 


missile 


Riddle Airlines last week signed a 
provisional order for four Armstrong 
Whitworth 650 turboprop cargo carriers 
as an eventual replacement for its pres 
ent fleet of 32 low-capacity, high-oper- 
ational-cost C-46s (AW Feb. 16, p. 35 
Informed sources said the aircraft will 
sell for $1.5 million each. ‘Terms to 
the carrier reportedly include 10% 
down and no payments until the sec 
ond year, with the total purchase price 
expected to be spread over a six-year 
period. 
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AIR TRANSPORT 


* 


WEST COAST AIRLINES is operating six turboprop Fairchild F-27s like the one above, along with a fleet of 14 Douglas DC-3s, 


F-27s Boost West Coast Revenue Miles 


Recently 


In first three months’ operation turboprop aircraft 
increase revenue miles flown; draw new customers. 


By William S. Reed 


Seattle—Introduction of turbine equipment by West Coast 


Airlines has 


in the carrier's three months’ experience with the aircraft increased the num- 


ber of revenue miles flown, attracted new customers and brought about a 


general expansion of business. 

West Coast inaugurated its 40-passen- 
ger Fairchild I-27 service September, 
1958, and produced some surprising 
figures for October, the first month of 
operation. During September, 1958, 
operation on certain routes, 
Douglas DC-3s carried 565 passengers 
per mile. During the first full month 
of F-27 operation, the same routes 
vielded 840.5 passengers per mile, an 
increase of 48.76%. In passenger miles, 
the increase was from 1,061,240 to 
1,576,778. 

Increase resulted despite the normal 
scasonal decline in business experienced 
every fall since the airline started. West 
Coast said the first increase in business 
might have been due to the novelty of 
the F-27 and the fact that passengers 
might have deliberately rearranged their 
schedules to trv the new aircraft. How- 
ever, the trend continued and vear-end 


sclected 
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figures show that, for December, West 
Coast’s six F-27s flew 2,275,641 pas- 
senger miles. 

l‘igures for actual cost per seat mile 
were not available company 
had too many 
for an accurate picture to emerge. Learn- 
ing curve for all types of personnel 
from baggage handlers to management 
is still on the upswing and the sixth and 
last F-27 was not delivered until late 
November. West Coast’s management 
believes, however, that the cost per 
seat mile will be favorable enough that, 
barring a general decline in the nation’s 
economy, its end to government sub- 
sidy could come in three years if the 
’-27 were operated exclusively. 

West Coast Airlines now operates 
its fleet of six Fairchild F-27s and 14 


2,2( 


DC-3s over a route of 2,200 mi., mak- 


since the 
intangibles to considet 


ing some 30 stops. Civil 
Aeronautics Board tentatively author 
ized an additional 1,600 mi. of route 
with 1+ added stops. Average stage 
length is about 68 mi., with shortest 
length 28 mi., and longest 204 mi. 
Ideal stage length computed for the 
’-27 operation is about 125 mi., but 
this cannot be achieved unless skip-stop 
wuthority is granted by the CAB. 
[his doesn’t mean West Coast would 
discontinue service to small communi- 
ties, but rather that aircraft would not 
stop at every station on every flight, 
thereby increasing the stage 
length to more nearly approximate the 
optimum. One run West Coast pilots 
make around the state of Washington 
involves 16 stops. As a result, crews 
become ver practiced in instrument ap 
proaches, landings and_ takeoffs, but 
stage lengths involved are not ideal. 


avcrage 


Company Financing 

West Coast has had financial uncer- 
tainties like most local service carriers, 
but its president, Nick Bez, through 
other business resources, was able to 
give considerably more enhanced credit 
standing to the line. 

Once the decision was made to re 
equip, West Coast obtained two $2 
million bank loans, one from a Texas 
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bank. An additional $750,000 was 
raised by disposal of surplus assets and 
subscription to stock by company ofh- 
cials. Thus, West Coast is still in the 
position to avail itself of a Civil Aero- 
nautics Board guaranteed loan, should 
it become desirable to refinance and 
raise additional capital. Although $4.75 
million was more than needed for pur- 
chase of six aircraft, capital was needed 
for purchase of training aids and antici 
pated expansion of routes. 

Although new aircraft have been in 
service too short a time to prov ide any 
definitive figures, company management 
is confident that the F-27s will be 
good revenue producers. West Coast 
sees the airplane as a means for getting 
the local service lines off subsidy. 


F-27 Maintenance 


Few bugs have shown up in the F-27 
according to West Coast. Trouble in- 
volved O-ring failure in fuel pump, re- 
peated inverter failure, and nose wheel 
retracting cable breakage. Fuel pump 
and inverter troubles were eliminated 
by fixes from manufacturers and nose 
wheel retracting cable breakage was 
stopped when gear-down limit speed 
was temporarily lowered from 170 kt. 
to 140 kt. Fairchild Airplane & En- 
gine Co. is developing fixes on nose 
wheel cable breakage. ‘ Modification 
programs are already under way in 
which Fairchild will send teams with 
various kits to each user’s base and per- 
form work at inspection intervals. 

Another modification which affects 
the first five aircraft delivered to West 
Coast is the cabin air conditioning 
blower. In flight, the blower makes an 
objectionable, high-pitched whine. This 
was eliminated in West Coast’s sixth 
airplane but modification in the field 
will be necessary for the first five. 

Still another difficulty appeared in 
the pneumatic system which operates 
the landing gear, nose wheel steering, 
passenger entrance door and the wheel, 
parking and propeller brakes. Moisture 
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WEST COAST'S average stage length is about 68 mi. 


would collect around the pressure relief 
valve in the system during operation in 
the relatively warm humid climate 
around Seattle East of the Rocky 
Mountains, the colder climate 
caused the valve to freeze. This caused 
no emergencies, but did necessitate 
fixes to the valve and dehumidifying as- 
pect of the engine driven compressors 


drver, 





Seattle to Klamath Falls 
Portland to Kiamath Falls 
Klamath Palls to Seattle 
Klamath Falls to Portland 
Seattie to Lewiston 
Seattle to Idaho Falls 
Lewiston to Seattle 

Idaho Falls to Lewiston 


(496 mi.) 
(352 mi.) 
(496 mi.) 
(352 mi.) 
(282 mi.) 
(746 mi.) 
(282 mi.) 
(746 mi.) 


Totals 





Comparison of Selected Flights 


(Including extra sections) 


Total Passengers Percentage 
Per Mile 


F-27 DC-3 


Increase 


7 78 
a 64 
7 85 
7 67 
6 65 
1 99 
1 51 
2 52 


eowuwueuvuvso eo 
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Shortest is 28 mi.; longest is 204 mi 


One of the Rolls-Royce Dart 6 turbo 
engines on the oldest F-27 wa 
after a total of approximatel, 
airframe-engine time. Removal 
not due to failure, but 
done so that regularly scheduled engine 
removals for overhaul work could be 
staggered. Rolls-Royce reported bach 
to West Coast from its Canadian fa 
cility that the nothing 
more than routine wear 


prop 
removed 
700 hr. 
was premature 


engine showed 


Baggage Bays 
One other minor engineering change 
West Coast is modi 
Baggag¢ 
bavs forward 


contemplated by 
fication of baggage bays 
in two large 


now 
1S carried 
These are ideally lo 
West Coast, but 
Anticipated fix } 


cabin 
according to 


passe nger 
cated, 
subdivided 
shelf in 


need not b 


must be 
to install a each bay so that 
baggage loaded in stacks 
Because of short hauls, it has frequently 
to off-load baggage to get 
bottom of 
a simple 


been necessary 
it pieces which are on the 
the pile. Installing shelves, 
matter, will eliminate stacking 

Some of West Coast's pilots wer 
practically weaned on the DC-3 and, as 
viewed the with a some 


such, new F-27 


29 








Plane 
Doys 


oc-3 
Aircraft No. 


112:57 
132:43 
120:02 
000:00 
132:32 
164:04 
116:20 
116:28 

75:35 


101 wah ea 31 
102 vale 31 
103 axa 31 
104 a 31 
105 31 
106 ean 31 
107 ree 31 
108 : ied 31 
109 ; 31 
110 ; ene aia dg 31 83:23 
11 ous 31 109:56 
112 , ; 31 84:58 
114 aa 31 121:17 
115 ~~ 31 45:35 
Total DC-3 for 


December, 1958...... 434 1415:50 


F-27 
Aircraft No. 
701 

702 

703 

704 

705 

706 


Total F-27 for 
December, 1958. 


F.27 for entire year 


to Dec. 31, '58.. 2107:51 





Aircraft Comparative Operational Statistics 


December, 1958 


Revenue 
Hr. Flown 


Avg. Daily 
Rev. Util. Hr. 
3:39 
4:17 
3:52 
0:00 
4:16 
5:18 
3:45 
3:45 
2:26 
2:41 
3:33 
2:45 
3:55 
1:27 


Total 
Flying Hr. 


Non-Rev. 
Hr. Flown 


126:07 
134:06 
123:48 
000:00 
136:03 
1:16 165:20 
2:13 118:33 

:49 117:17 
5:26 81:01 
6:48 90:11 
4:30 114:26 
4:20 89:18 
7:23 128:40 
3:09 48:44 


13:10 
1:23 
3:46 
0:00 
3:31 


57:44 1473:34 3:16 


238:13 2346:04 








what jaundiced eve. However, once 
transition to the new equipment was 
completed, they were won over. They 
are unanimously enthusiastic when talk 
ing about the aircraft. Yo-yo operation 
of West Coast's routes made for a hard 
day in the “front office’ but fatigue 
factors are considerably reduced in F-27. 
Copilots work a bit harder because the 
same amount of paper work and report- 
ing by radio has to be done as in the 
DC-3, but in a shorter time. 
Considerable operation on wet and 
some Ssta- 
tions and this is easier m F-27 than in 
DC-3 types. F-27s are not equipped 
with thrust reversers, but placing the 
propellers in flat pitch produces very 
good braking effect. Landing at Seattle's 
Boeing Field on a wet runway in a no 
wind condition, the F'-27 needed power 
application to turn off at halfway point. 
his was accomplished without use of 
brakes. 
raining for 


icy runways IS necessary on 


I-27 


conversion to 
West Coast about $3,900 per 
crew. Included is cost of somewhere 
between 1] and 20 hr. of flying time, 
100 hr. of ground school, and crew sal- 
aries. Complete training kit on the 
Dart engine-propeller combination was 


costs 


30 


purchased from Rolls-Royce, in addition 
to manuals from Fairchild on the air- 
frame. Training will continue until all 
of West Coast’s 26 tran- 
sitioned; thereafter they will get _ peri- 


cTrcws alc 


odic refresher courses. 

Airline also has had to hire about 68 
additional ground personnel as a result 
of increased Baggage han- 
dling and ticketing operations, all predi- 
cated on the 24-passenger DC-3, had 
to be expanded, as well as the reserva- 
tions staff. Additional personnel will be 
added when new routes go into effect 

One facet of F-27 operation is causing 
West Coast considerable concern, and 
this is where CAB Special Regulation 
422A restricts the aircraft's takeoff 
gross weight. SR 422A is applicable to 


g 
all turbine-powered aircraft and makes 


business. 


no distinction between turbojets and 
turboprops Thus, turboprops must 
pay the penalty as_ turbojets, 
even though they do not suffer as great 
a thrust loss when operating at elevated 
temperatures. Turboprops suffer a 
greater loss of efficiency at clevated tem- 
peratures than do reciprocating-engined 
aircraft but not as much as turbojets. 
Even though the F-27 at full takeoff 
gross weight and with full temperature 


Saime 


accountability has a better single engine 
performance than a DC-3, passenger 
loads must be restricted at some stations 
when runway temperatures reach 87F. 
It is the second segment climb gradient 
portion of SR 422A that hurts the 
'-27 and West Coast hopes the CAB 
will take cognizance of the difference 
between turbojet and turboprop _per- 
formance and make adjustments in the 
regulations. 

Generally, West Coast’s management 
feels that things are definitely looking 
up for the local service airlines. Trunk 
lines, once dedicated to stamping out 
smaller lines, are now extending cooper 
ation. Now that an aircraft built to 
permit economical operation or short 
hauls is available, trunk carriers realize 
the value of feeders and have given up 
routes which they have not been able 
to operate with their larger equipment. 
Local service carriers also appear to be 
headed for daylight out of the financial 
woods and expect to find a place as a 
permanent part of the nation’s econ- 
omy. 


Malayan Considered 
In Hong Kong Merger 


Hong Kong—Merging of Hong Kong 
mav be followed by merger of Malavan 
\irwavs and Cathay Pacific Airways 
\irwavs with the new combine, reliable 
sources here believe. Negotiations are 
reported under way. 

In effect, Cathay Pacific is taking 
over Hong Kong Airways’ routes. Hong 
Kong has operated under heavy losses for 
the past two-and-one half vears; sources 
said British Overseas Airways Corp., a 
half-owner, was prepared to support the 
losses, but the other owner, Jardine, 
Matheson & Co., Ltd., was not. 

BOAC will continue to have a mi- 
nority interest in the new company and 
1 member of Jardine, Matheson will 
hold a seat on the board of directors 
Cathay Pacific is principally owned by 
Butterfield and Swire 

Cathay Pacific was originally organ- 
ized by three ex-U.S. military pilots 
in Burma and southwestern China after 
World War Il. Butterfield and Swire 
bought the airline in the early postwar 
period and expanded its routes toward 
the south in the hope of carrying a 
great part of the Chinese emigrant traf 
fie which Hong Kong Airways, flying 
north out of Hong Kong, was to have 
picked up in mainland China. The 
fall of China to the Communists in 
1949 brought a halt to traffic in and 
out of China of any volume. But the 
great increase in air travel through the 
area has made the airline a very profit- 
able venture. 

Cathay Pacific has had no grandiose 
ideas, runs a very tight, small organi 
zation. The economies of Butterfield 
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and Swire’s long years in China trade 
have been transferred to the airline and 
no unnecessary expenses are allowed. 
For example, Cathay Pacific, while re- 
specting International Air ‘Transport 
Assn. fares, has never joined. 

he line operates out of Hong Kong 
to Manila, British Borneo points, Singa- 
pore, Malaya, Laos, South Vietnam, 
Cambodia, Thailand, Burma, and into 
Calcutta in India. It has rights to In- 
donesia and Australia but has never 
exercised either. (Australia National Air- 


ways is one of the five stockholders in 
the company but control of the old 
Cathay Pacific was completely in the 
hands of Butterfield and Swire, as will 
be the new company.) With the mer 
ger, it now picks up Hong Kong Air 
ways’ routes to Manila, Taipeh, ‘Tokyo, 
and Korea. 

Last year the airline carried 58,807 
passengers as compared with 48,970 
the vear before, and 47,438 in 1956 
I'he load factor over all routes for th« 
vear was 60%. 


Malayan Airways, which recently had 
to abandon its Singapore-Kuala Lumpur 
Ilong Kong flights, 1s a combination of 
local capital and BOAC and would fit 
neatly into the Cathay Pacifix 
Hong Kong package 

Such a regional carrier will find an 
increasingly big role in this area with 
BOAC planning to begin Comet flights 
into Hong Kong through India shortly 
and Pan American hoping to get trans 
pacific jets operating before the end of 
the vear 


new 


National Plans Route Pattern Expansion 


By L. L. Doty 


Miami—Sparked by its successes with 
Boeing 707-120 turbojet operations, 
National Airlines is keving its future 
plans for jet service to an all-out drive 
for an expanded route pattern that will 
provide high-density industrial markets 
as counter-balances to its seasonal Flor 
ida traffic. 

The carrier's current 
program is designed to meet the needs 
of the fluctuating New York-Florida 
market while providing long-haul and 
short-haul flexibility in serving such a 
market as a southern transcontinental 
route. National hopes to add this lat 
ter route to its system as an ideal offset 
to the vagaries typical of resort traffic 

Here is National's future equipment 
program as outlined to AviATION WEEK 

Dymond, president 


re equipment 


by L. W 
operations 
© Reciprocal lease agreement with Pan 
American World Airways will provide 
National with either the Boeing 707 
120 or Douglas DC-S turbojet service 
five-month 


vice 


it needs to cover the busy 
Florida season from December to Apml 
Period of the lease is 10 vears (AW 
Sept. 15, p. 38 

e Fleet of three Douglas DC-8 turbo 
ets, scheduled for delivery next Janu 
iry, will fill the carrier’s initial long 
haul needs Total of 23 Lockheed 
Electra turboprops with delivery begin 
ning in April, will serve the off-season 
Florida market and cover all medium 
haul operations throughout the present 
ind planned route structure 

e National will retain its fleet of Doug 
las DC-7s to supplement the Electra 
yperations. Serious consideration is be 


ing given to the conversion of the 
DC-7s to turboprop power 

e Carrier plans to dispose of its 12 Con 
vair 340s once the modernized fleet is 
fully integrated into the system. Con 
vair 440s and DC-6s probably will be 
short-haul 


retained to handle 


require 
ments 

lo date, experience with the Bocing 
707-120 operated under a short-term 
lease with Pan American has proved to 
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be a “spectacular” success, according to 
National officials. Load factor has held 
consistently at a strong 92 Only 
two flights have landed short of destina 
tion since service began Dec. 15—one 
flight was canceled at Philadelphia be 
cause of weather at Idlewild and an 
other flight was interrupted at Balti 
mechanical reasons, calling 
for an unscheduled engine change 
According to Walter Sternberg 
senior vice president-trafhic, sales and 
public relations, the Boeing is attract 
its flaght charac 


more for 


ing passengers because 
teristics are mitigating the fear element 
of fiving. Sternberg told AviaTion 
Week that National's experience with 
the Boeing all but contradicts earlier 
of jet flight which generalh 
that the fear factor might 
introduction of turbo 
level ind 


Surveys 
suggested 
climb with the 
jets. He said the lower nois« 
lack of vibration appear to be creating 
sense of security among pa 
sengers than is 


piston engine flights 


a greater 


normally evident on 


Ground Handling 


The airline has encountered no seri 
ous ground-handling problems with th« 
Bocing, according to Dymond. Load 
ing and unloading the Bocing’s full ca 
pacity of 115 passengers has not posed 
anv abnormal difficulties since the airline 
was already equipped to handle the 104 
passengers which the coach version of 
the Lockheed 1049H Constellation now 
carries 
Sufficient gate space is available at 
both New York International Airport 
ind the Miami International Ai 


port to permit the Boeing to stand br 


new 
at its gate position while waiting for 
a takeoff turn during 
delays. At airports where gate 
is at a premium and parking time 1 
limited to as short a spell as 30 min., 
turbojets will be required to hold at 
the end of runways with power on dur 
ing takeoff delays 

National has entered the 120 
holding stacks and held to established 
trafic patterns without suffering too 
severe economic penaltics ot 


iirport ground 


Space 


into 


re quiring 


special operating privileges. However 
the carrier is actively pushing for the 
early use of separate holding stacks and 
let-down procedures of turbojet aircraft 

Dymond said turnaround procedure 
it Miami are sche 
lurnarounds 


duled at one hour and 


15 min which includ 
cabin cleaning, ground maintenance and 
refueling, are normally « mn pl ted well 
ilthough 


Mmcrease d in 


under the established time, 


cleaning crews have been 
size because of the difficulty in cleaning 
the light colored fabrics Pan American 
interior. National 


overhaul 


has chosen for the 
does no airframe or engin 
work on the Bocins 

Sternberg has admitted that 
of complaints against the three-abreast 
n of the Pan Amer 
received Th 
1 North Atlan 
ibreast iting 
with a first-class section 
ind an cight-seat passenger loungs 

All seats ar old at first-class rate 
but the first-cla two-abreast seats an 
four of the lounge seats carry a $10 jet 
surcharge. Federal Av Agcn 
checking safety regulations to det 


whether 


1 number 


seating conhgurati 
can Boeing have been 
urcraft is designed with 
tic economy-class, thre 


compartment 


lation 
mit 
passengel can he scatcd 


which 


upp 


lounge areas may not | 


ufhicient back 
ind takeoff 
Sternberg has handled all comp 


by » lett 


rt during landin 


individualh r explaining 
National's desire to accelerate th 
duction of turbojet on the 
York-Miami route 
to use the Pan 
first-cla far 
ment which i 
ti operation 

Pamphlet 

onhguration 1 
distributed on 

Sternberg ha 
supporter of coach service and: is 
ocate of a substantial fare in 
crease In fact, National is the onl 
U.S. trunkline which has not applic 
for a fare increase in the Civil A 
Board Gener Passenge! bare 
Investigation 

He told AviaTrion 


in ad 


nautics 


Week he 





like to see the elimination of the 10% 
government transportation tax with 
fares increased by that amount if the 
rates must be increased at all and added 
“The relative position of the airlines 
in the transportation field grows stronger 
as our prices remain low while costs of 
rail, bus, automobile and even shoe 
leather continues to climb.” 

4. G. Hardy, senior vice president 
in Washington, later echoed this phil 
osophy by noting that all carriers have 
empty seats each day and “‘it isn’t going 
to be any easier to sell those empty seats 
by increasing the price of them.” 

Sternberg is not supporting 
fares. In fact, he does not necessaril\ 
endorse promotional types of fares but 
believes that the best way to generate 
new traffic and develop new markets is 
through dependability of service, He 
wants to see schedules operated with 
“subway regularity” as a major step 
toward building up both short-haul and 
long-haul commuter trafic—a_ market, 
he adds, that has been barely tapped. 

Sternberg believes there is “no 
weather” in today’s operations which 
should cause prolonged trafic delays 
He anticipates that over-taxed airways 
should be eased sufficiently by 1963 to 
permit the regularity of operation he 
feels is necessary before airline 
can be merchandised effectively 

In addition, he prefers to see the 
development of such programs as “‘fly- 
drive’’ campaigns to pierce competition 
stemming from the private automobile 


lower 


seats 


rather than to employ promotional, 
cut-rate type fares to create new trafhic 

National Airlines reported a net profit 
of $1,163,941 for the three months 
ended Dec. 31 compared to a $879,800 
net loss incurred during the same period 
in 1957. An increase in operating 
revenues from $9.9 million during the 
1957 to $18.6 
million for the same period in 1958 
is attributed to the 31 dav strike that 
hit National in the fall of 1957 and the 
strike that grounded Eastern Air Lines 
late last vear. 

Total assets of the 
Dec. 31 reached $74.7 million as com- 
pared with $59.9 million in 1957. The 
sharp rise is reflected in the investment 
and special funds item on the company’s 
balance sheet. This item climbed from 
$7.4 million to $21.2 million as the 
result of the exchange of 400,000 shares 
of capital common stock with Pan 
American at a value of $22.50 a share. 
of the resulting improved 
current and a_ strong 
current asset-current liability ratio, Na- 
tional is in an excellent position to 
move into its re-equipment program 
without requiring further borrowings. 

[he airline has dropped its cash 
dividend program so that it can plow 
back into the purchase of 

Other 
through 
which, 


last three months of 


company as of 


Because 


asset position 


carnings 
cash resources aré 
depreciation and 
during the six 
amounted to 


equipment 
available 

amortization 
months ending Dec. 31, 


$4.1 million. 


BOAC Far East Route Proposal 


Draws 


Washington—Plans of British Over- 
seas Airways Corp. to introduce turbo- 
prop service from New York and San 
Francisco to Honolulu and Tokvo are 
drawing _ bitter from the 
domestic airline industry. 

Strong opposition to the BOAC 
move stems from an application by 
the carrier to the Civil Aeronautics 
Board for an amendment to its foreign 
air carrier permit to include ‘Tokyo on 
its route from Hong Kong to San 
lrancisco and New York. Operation 
of the new service—scheduled to begin 
April | if the Board approves the ap- 
plication—will close the final gap in 
BOAC’s around-the-world route. 

U. S. carriers, however, are not ob- 
jecting specifically to the opening of 
BOAC’s transpacific service but rather 
the proposed Tokyo stop. During the 
Board prehearing conference in the case 
last week, Northwest Airlines proposed 
that the foreign air carrier permit be 
granted but that the Tokyo stop be 
temporarily “severed” from the case 


protests 


32 


Protest of U.S. Carriers 


study and _ consideration. 
Northwest asked that 
restrictions on the 


for further 

In addition, 
temporary _ traffic 
New York-San Francisco sector of the 
route be included in the permit pend- 
ing a Board decision in the Qantas 
Empire Airways cabotage (AW 
May 19, p. 38). In this case, Qantas 
is seeking a legal interpretation as to 
whether it has the right to carry traffic 
which is destined or originating outside 
the U.S. between points within the 
US 

BOAC has opposed both proposals. 
The airline is contending that it has 
the right to serve Tokyo because of an 
exchange of notes between the U. S. 
and British delegations following the 
review of the bilateral pact between 
the two countries in March, 1957, and 
that supplemental agreements are in- 
volved. 

U. S. carriers are holding that BOAC 
can add a new stop to its present route 
only through section 4B of the bilateral 
agreement which states, in effect, that 


case 


either country may add intermediate 
stops to existing routes if the other 
country is so informed of the action. 

However, both the U. S. and the 
United Kingdom have agreed in the 
past that “intermediate” point implies 
a “minor trafic’ point. In this in 
stance, U. S. carriers are charging that 
l'okvo, as the largest city in the world, 
is hardly a “minor” stop. In addition, 
the carriers claim that, since Tokvo is 
1,300 mi. off BOAC’s direct Far East 
route, it is hardly an “intermediate” 
point. 

Che British government upheld thes« 
views in a letter sent to the State De 
partment on Jan. 22, 1957, by the 
civil air attache of the British Embassy 
here. The letter served notice of 
BOAC’s intention of inaugurating the 
transpacific service and, at the same 
time, it reafirmed its interpretation of 
section 4B to mean that an intermedi 
ate point is a “minor” traffic point. 

The British, however, can now be 
expected to introduce the Pan American 
route between Tokyo and Hong Kong 
into the case. They will contend that 
this service was inaugurated in 1947 
after notice was filed under section 4C 

not +B—of the bilaterial agreement 
Section 4C calls for the periodic ex 
change of information between the two 
countries on routes and 
nothing about additional stops 

Two vears after the Pan American 
service began, the British did question 
Pan American’s right to serve Hong 
Kong but made no move to stop th« 
service. Northwest Airlines, which also 
is certificated by the U. S. government 
to serve Hong Kong, as is Pan Ameri 
can, has never received British permis 
sion to serve Hong Kong on a scheduled 
basis 

Conjecture throughout the industrn 
is that the British government will con 
tend that Tokyo should be granted 
BOAC as a stop on a reciprocal basis 
since Pan American is already serving 
l'okyo, a major traffic point on the lat- 
ter’s route. 

As the case now stands, Northwest is 
the only intervenor in the proceedings 
Last week the Air Transport Assn. pe 
titioned for leave to intervene. 

In its petition, the ATA noted that 
the BOAC application filed with the 
Board on Nov. 8 was not served on the 
ATA or on any U. S. flag carrier. It 
added that on Nov. 9 the Board set the 
application down for hearings to begin 
Nov. 19 and that notice to this effect 
was not published until Nov. 11 

This procedure, the petition said, al 
lowed only 14 days between the hear- 
ings and the announcement of the hear 
ings, making it impossible for any party 
to intervene since such petitions to in- 
tervene must be filed 15 days prior to 
hearing. 


SCTVICES, SaVS 
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707 Drops Engine in Test Flight 


By Robert H. Cook 


Washington—Phase-in problems of 
the Boeing 707-120 mounted last week 
with the in-flight loss of a right out- 
board engine from a Pan American 
World Airways aircraft during a train- 
ing mission north of Paris, France. 

Loss of the engine came as the Civil 
Acronautics Board pressed its three- 
week-old investigation of the 29,000 
ft. dive taken by another of the air- 
line’s 707-120s on a Feb. 3 transatlantic 
flight (AW Feb. 9, p. 39). Tentative 
dates of Mar. 1] and 12 have been set 
by CAB for the taking of depositions 
from Pan American flight crew mem- 
bers and maintenance personnel at 
Idlewild Airport in New York; Mar. 
26 for Boeing Aircraft inspection, test- 
ing and engineering teams in Seattle. 
Board spokesmen indicate official find- 
ings determining the probable cause of 
the dive may be made released within 
the next six weeks. 

Investigation of the two incidents 
also left Pan American with only four 
707s to cover its daily transatlantic serv- 
ice and provide aircraft under the lease 
arrangement with National Airlines be 
tween New York and Miami (see p. 
31). 

Boeing released the aircraft involved 
in the dive after a successful test flight. 
Pan American was scheduled to return 
it to service by the end of last weck. 


Substitute Aircraft 


Loss of the second jet from trans- 
atlantic service after the engine loss 
was compensated for the same day by 
Pan American by placing a DC-7C and 
DC-6B on a parallel departure schedule 
from Paris. Recovery of its other jet 
from the manufacturer will allow the 
airline to cover its schedules for both 
the overseas flights and its jet lease 
arrangement with National Airlines on 
the New York-Miami route, said Pan 
(American. 

Jet training program for its pilots 
will be little affected since most of it 
has been conducted with layover time 
on European runs in London and Paris 
Future jet training is expected to be 
conducted from Miami to utilize better 
weather conditions and layover time 
from National’s jet schedules. 

Loss of the engine on Pan Ameri- 
can’s training aight took place while 
two of the airline's captains were un- 
dergoing a check flight with a company 
check pilot, a flight engineer and a 
Federal Aviation Agency safety advisor. 
The crew included instructor pilot 
Capt. John W. Ryan; Captains John 
M. Mattis and Howard M. Cone; flight 
engineer Herbert C. Seilberger, and 
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Hyram Broiles, FAA representative in 
Paris. 

Company spokesmen say Capt. Ryan 
was demonstrating minimum control 
speeds at 8,000 ft. under the airline’s 
prescribed training program when the 
707 stalled at an estimated speed of 
120 kt. and started into a right spin. 
The plane lost 2,000 ft. of altitude and 
the violence of the recovery maneuver 
tore the engine and pod mounting from 
the wing. 

Recovery to normal flight speed and 
altitude was made with no difficulty, 
and the aircraft was flown to London 
where more complete maintenance 
facilities are available. 


Fell in Pasture 


FAA later reported that the engine 
was recovered in a pasture near the 
village of Pioneis on the Brest penin 
sula. Condition of the powerplant was 
not reported, but agency spokesmen 
expect their examination to settle any 
question of possible engine malfunc 
tion, such as possible turbine seizure, 
or whether the accident resulted from 
an airframe deficiency 

Although the investigation is in its 
early stages, with both CAB and FAA 
representatives in London and Paris, 
some FAA observers feel there may be 
some doubts on repeating this type 
maneuver which subjects the aircraft 
to unusual, and possibly unnecessary, 
structural strains. Final results of a for 
mal investigation could possibly recom 
mend both a strengthening of airframe 
components and a change in airline jet 
training maneuvers, according to FAA 
officials. 

Boeing Aircraft Co. made no particu 
lar comment on the accident other than 
that its field representatives in London 
are working with Pan American on the 
case. 

Civil Aeronautics Board has essenti 
ally completed a technical examination 
of autopilot components suspected of 
causing the Feb. 3 dive 500 mi. east 
of Gander, Newfoundland 

Results of the examination are still 
under study, and CAB also is searching 
for other operational clues to the acci 
dent, possibly recorded in the aircraft's 
LAS flight recorder manufactured by 
Lockheed Aircraft Service 


Seek Tracings 


Although the recorder’s tape was 
reported to have run out prior to the 
sudden dive, Board investigators are 
having Lockheed conduct a micro anal 
ysis of the instrument in the hopes of 
finding tracings on the component that 
will reveal the aircraft’s exact altitude, 
attitude and flight maneuvers 


One of the unusual aftermaths arising 
from investigation of the abrupt man 
cuver was the discovery by Pan Ameri 
can that its impounded ject was signif 
icantly radioactive. Radiologists of the 
Department of Health, Education and 
Welfare were summoned by the airline 
after U.S. Customs agents in New York 
reported that company mechanics re 
turning from an inspection of the air 
craft in Gander had picked up a radio 
active count in their work gloves. Gei 
ger counter also picked up readings 
from the mechanics’ suitcases 

Spokesmen for the government de 
partment said readings on the grounded 
Boeing were not “significantly higher 
than allowable” but were higher than 
found on the remainder of the airline's 
jet flect. Source of the contamination 
was not readily determined, but at least 
some of it was attributed to the jet’s 
high altitude flying in a region nearet 
to cosmic rays. Aluminum = structure 
of the aircraft provides adequate pro 
tection against this amount of radiation, 
thev said. 


>. 7 
Transpacific Case 
Ordered Reopened 

Washington—\WVhite House, for the 
second time since 1956, has ordered 
Civil Aeronautics Board to reopen the 
controversial transpacihc air route 
newal case to reconsider Pan American 
World Airways’ bid to fly the North 
Pacific route. On all previous occasions 
the White House has reversed CAB 
recommendations 

CAB originally recommended that 
Pan American fly from the U. S. to 
l'okvo via the central Pacific and North 
west Orient Airlines from the U, S. to 
l'okvo via the North Pacific, both on a 
temporary basis 

In the 1954 renewal case, Pan Ameri 
can applied to serve the North Pacifx 
route as well as the Central Pacific. ‘This 
was turned down by the Board which 
stuck to its original recommendations 
but White House approval was with 
held and, in 1956, the Administration 
ordered the case reopened. Again the 
CAB’s findings corresponded to its 
earlier recommendations. This time 
the recommendations were approved 
by the White House, but one month 
later approval was witlLdrawn 

In requesting reopening of the case 
again, the President said: “I believe it 
is essential to foreign policy and admin 
istration objectives that the entir 
Pacific route complex be considered as 
a whole by the CAB. Accordingly, I am 
requesting the Board immediately to 
initiate proceedings to consolidate all 
Pacific air route matters in a single rec 
ord and give me its recommendation 
at the earliest possible date.” 











AIRLINE OBSERVER 


> Pan American World Airways and American Airlines are installing the 
conventional three-point altimeter on their Boeing 707 jet transports in 
addition to the drum-type altimeter already carried aboard the aircraft. 
Modification is the result of a Federal Aviation Agency order following a 
request by American for permission to make the change. Earlier, Eastern 
the American added the three-point altimeter to their Lockheed Electras in 
order to lift FAA operating restrictions on the turboprops (AW Feb. 16, 
p. 36). 


> American Airlines gross passenger revenues increased 4.7% last year over 
1957, but business fell 2.2% short of the carrier's established quota for the 
year. Air travel plan sales climbed 11%, military sales increased 4.3% and 
net government sales were up 8.5%. 


> Russian air travelers are complaining that Acroflot has inaugurated new 
local routes without adequate preparation. Flights often begin as soon as 
runways are ready but before communication svstems, weather stations 
and passenger facilities are completed. As a result, trip cancellations are 
frequent, load factors drop as passengers turn back to surface transportation 
and the line loses money. Aeroflot admits that poor patronage stemming 
from unreliable service has forced the abandonment of several new routes. 


> Boeing is now rolling a 707 turbojet transport off its Renton, Wash., final 
assembly line every three and a half days. Qantas Empire Airways’ first long- 
range 707 was rolled off the line with the second Qantas 707 already moving 
into final assembly. American Airlines 12th and 13th 707 are just behind the 
first Qantas aircraft. British Overseas Airways Corp.’s first 707-420 powered 
by Rolls-Royce bypass engines is in No. 7 position on the current assembly 
line and scheduled for delivery in November. 


» Lockheed Aircraft Service has delivered a Boeing 707 fueling system 
training panel to American Airlines for use in instructing maintenance and 
ground personnel in the fueling and defucling systems of the turbojet trans- 
port. Panel is electrically operated and reproduces the complete system as it 


appears on the aircraft. 


> Russia is preparing to place its twin-rotor Yak-24 helicopter in commercial 
passenger service with an approved 30-seat cabin configuration. First 
exhibited at the 1955 Tushino Air Show, the Yak-24 has been thoroughly 
tested by Russia’s military services. 


P Pacific Air Lines will place the first of its six 44-passenger Fairchild F’-27 
turboprop transports into service in May on the high-density routes between 
Portland, Los Angeles and Las Vegas. 


> Seaboard and Western Airlines is installing a cargo handler as a regular 
crew member on all daily transatlantic flights. Called loadmasters, the new 
crew members will be responsible for supervising loading and unloading, 
stowing and tie-down of cargo and weight and balance processes. 


P Delta Air Lines is distributing throughout the company a jet planning 
schedule that details monthly progress in procurement, receipt, processing 
and checkout of all facilities, tooling, equipment, spares and parts for its 
flect of Douglas DC-8 turbojet transports. The 25-page schedule is revised 
constantly, records work accomplished and target dates for future plans. 


> Federal Aviation Agency will open a new dual airway system between 
Washington and Richmond to ease the present traffic bottleneck on routes 
to the south from Washington. New airways have been made possible by 
reduction in size plus the joint use of a restricted area over U.S. Navy 
Proving Ground at Dahlgren, Va., and joint use of restricted area over Army 


Camp A. P. Hill, Va. 








SHORTLINES 





> Alitalia will extend its routes on 
Mar. + to include Karachi and Bombay 
with two services each week from Rome. 
Che flights, to be operated with Doug- 
las DC-7C aircraft, will leave Rome 
Wednesdays and Saturdays for the Far 
East cities. 


> Continental Air Lines flew an esti- 
mated 46,100,000 revenue passenger 
miles in January for a 44% increase 
over January, 1958. Airline also flew 
1,516,000 revenue airplane miles, an in 
crease of 21% over the 1958 figure 
During the month, Continental flew 
153,000 air freight ton-miles, up 8%; 
100,000 air mail ton-miles, up 15‘ 

43,000 air express ton-miles, down 7% 


> Flying Tiger Line reports that net in- 
come and special items totaled $1,231,- 
574 for the six months ending Dec. 31, 
were equal to $1.19 per common share 
on 1,035,284 outstanding common 
shares. Operating revenues for the first 
half of 1958 were $18,925,864 and op- 
crating expenses of $16,377,196 pro- 
duced a net operating income of $2,- 
548.668 before taxes. 


> Lake Central Airlines’ 1958 net profit 
totaled $83,950 as opposed to a net 
loss of $122,385 for 1957. Gross reve- 
nues for the year were $3,996,220, a 
15.8% increase over 1957; operating 
expenses were $3,877,097, up 9.7% 
Net operating profit for the vear was 
$119,122, a $199,852 boost over 1957 
when the carrier showed an operating 
loss of $80,950. Total revenue passen 
get miles flown in 1958 were 29,064,000, 
up 15.5% over 1957, and available seat 
miles increased 10.6% to 64,080,000 
Over-all-passenger load factor figure for 
1958 was 45.4% as compared with 
43.5% in 1957. Lake Central also has 
purchased two additional Douglas DC-5 
uircraft from Braniff Airways at an un 
disclosed price. 


> Lufthansa German Airlines is schedul 
ing its first transatlantic all cargo flights 
for Mar. 4 using the first of its newly 
acquired Lockheed Super-H Constella 
tion air-freighter aircraft. ‘Iwo round 
trip flights per week between New York 
and Frankfurt are planned 


> Pakistan International Airlines has ™ 
ceived the first of five Vickers Viscount 
815 aircraft on order and is flying the 
aircraft on the carrier's Karachi-Delhi 
Karachi route. 


P Sabena Belgian World Airlines cat 
ried a total of 954,630 passengers dur 


ing 1958, a 39.1% increase over 1957 
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Timken* steel puts 
muscle in missiles 


HE turbine wheel that powers 
many of our missiles has to be 
made from a very special kind of 
steel. A steel that can spin at fan- 
tastic speeds—in an inferno of red 
hot gasses— without flying apart 
like putty. 
Finding just the right steel was 
a tough problem. But the kind of 
problem Timken Company metal- 
lurgists have been solving for 28 


The Timken Roller Bearing Company, Canton 6, Ohio. Cable: “Timrosco” 


years. And very similar to one they'd 
solved during World War II. 

One of the hurdles in designing 
America’s first jet engine was to find 
a steel for the turbine wheel that 
would take the tremendous heat and 
stress. And that problem was solved 
when Timken Company metallur- 
gists developed a new kind of 
“super alloy” steel—16-25-6. Now 
the question was: Would the steel 


® 
Fine 
Alloy 


MAKERS OF TAPERED ROLLER BEARINGS 


that got jets off the ground do the 
job for missiles? 

Missile makers tried it—and it 
worked! Now one of the big prob- 
lems in missiles is solved—with the 
help of Timken” steel. 

Whatever your steel problem, 
Timken Company metallurgists 
have a steel to solve it. And the skill 
to solve it economically. Why not 
give them a call? The Timken 
Roller Bearing Company, Steel and 
Tube Division, Canton 6, Ohio 
Cable address: ““TIMROSCO”,. 
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FROM BLANKS TO BULKHEADS! 


HYDROSPINNING 
NOW AVAILABLE 
Diversey announces the formation 
of a new Hydrospinning Division 
with the acquisition of new Hydro- 
spin equipment up to 42” capacity. 


FROM 


36 


The Diversey craftsmen above is machining the inner diameter 
of a Forward Bulkhead of the Hawk missile to a fine 63 microinch 
finish. Notice the precision curved template in the center of the 
picture with the follower at the right end transferring the contour 
to the interior of the bulkhead. Another good example of the 
famous air gage tracer lathe technique that has brought the 
missile hardware field to such an advanced state. 

Diversey starts with blank forgings. Using their remarkable 
ability to integrate hydrospinning and contour turning tech- 
niques Diversey craftsmen are able to produce the finest and 
most precise missile and rocket hardware components. 

At Diversey you have the LARGEST FACILITIES exclusively 
devoted to your missile hardware production. Your work is 
handled by precise, fast, and progressive technical people. 
Contact Diversey on your tough jobs. 


MISSILE 
METAI 


SEND |) MACHINING 
FOR 
FREE ; 

BOOKLET | 


LEADERS IN CONTCUR MACHINING 


ENGINEERING COMPANY 


10550 WEST ANDERSON PLACE 
FRANKLIN PARK, ILLINOIS « A Suburb of Chicago 


NOSE TO NOZZLE, FROM FIN TO FIN, CONTOUR TURNED PARTS—WITH PRECISION BUILT IN 





Short Brothers Designs Britannic 
As Low Cost Strategic Freighter 


London—Low development costs, 


simplified spares and maintenance re- 


quirements and short flight and ground 
crew training periods are cited by Short 
Brothers & Harland as advantages of 
the Britannic strategic freighter ordered 
for the Royal Air Force (AW Feb. 16, 
p. 35). 

Using the same wing, tailplane, un 
dercarriage, flight deck and systems as 
the Bristol Britannia, but with a fuse 
lage diameter nearly 50% larger, the 


freighter version will complement the 
Britannia 253 troop transport now going 
into service with RAF. 

Fuselage of the Britannic has a di 
ameter of 17.5 ft. and is 134 ft. pro- 
viding a clear freight hold 12 ft. square 
over a forward 63 ft. section, and a slop- 
ing rear section 17 ft. high, reducing 
to 10.5 ft. Both the cross section and 
volume compare favorably with the 
Douglas C-124, Short savs 

Ihe Britannic is based on the Britan 


ARTIST'S conception of Short Brothers & Harland Britannic Mark 3 turboprop strategic 
freighter shows relationship to Britannia 310 configuration. Fuselage, however, is 17 ft. 6 in. 
longer (AW Feb. 16, p. 35). Company says Britannic can carry a maximum payload of 


75,000 Ib. at speed of 360 mph. for 1,400 mi. 
Tyne engines, has gross weight of 195,000 Ib. 


Aircraft, powered by four Rolls-Royce 

















FUSELAGE of the Short Brothers & Harland Britannic has a diameter of 17.5 ft. 


and is 


134 ft. long. Cross section and volume are comparable to that of the Douglas C-124. 
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nia 310 series and cruises at the same 
speed of 360 mph. Wing is unchanged 
with the exception of a six-foot larger 
span to meet the increase in gross 
weight from 185,000 Ib. to 195,000 Ib 

Maximum landing weight of 165,000 
lb. is up 22%, but the undercarriage 
remains basically identical 

rhe fuselage is pressurized to 8 psi., 
and retains the same tail unit as the 
Britannia 310 but 
door layout for in-flight dropping of 
with a 30.000 


idopts a “beaver 
large stores. The 
Ib. payload is 5,500 mi 

Large radar trailers are listed among 


range 


stores the aircraft can carry 

Normal accommodation of 140 
troops can be increased to 200 by fitting 
a quickly detachabk floor at 
the forward end of the fuselage 

Short Brothers hopes to exploit the 
low cost, long distance civil freighting 
potential of the Britannic after 1963 
As a passenger transport, the capacity 


sec ond 


payload over still air distances up to 
2,600 mi. is 197 passengers 

Floor of the main 60 ft. length of 
the freight compartment is flat and 
level. The rear 20 ft 
slopes and is used for loading as well 
posi 


ramp portion 
as carrving freight. The 
tioned hydraulicall 

Smaller freight is 
door 74 ft. x S4 ft 
of the hold 

\ lashing grid can take up to 10,000 
lb point loads on the floor and 2,00 
Special load 
25,000 and 


I imp l 


loaded in a sick 


it the forward end 


lb. loads on the walls 


points ar¢ provided for 


35,000 Ib. loads 


Morane-Saulnier 


Laying Off 600 


Paris—Morane-Saulnic1 
backing for new projects, 
government orders to close its prototype 
factory in the Paris area and lay off 600 
workers 

Compan 


unable to gct 


is now under 


probably will consolidate 
its operations at ‘Tarbes 
west of France, where it is building it 
four-place MS 760 twin-jet aircraft 
French aircraft industry currently is 
undergoing considerable difhculties a 
terminated and few new 


in the south 


old orde TS ar 


orders placed The government 


portedly is working on a new five-veat 
plan which will give the industry a 
better idea of what is expected of it in 
the future. Industry 
the plan will require considerable con 
solidation of present facilities, as well 
as liquidation of some companies 
Morane-Saulnier currently has an 
order from the French Air Force for 
50 military versions of the MS 76\ 
Argentine government buving 
and building another 48. The 
pany also has sold about six of the civi 


observers are sur 
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RAMJET weapon system with virtually unlimited range an 
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Project Pluto has been described to the Congress in some detail by Atomic Energy Commission and military personnel. An artist’s con- 
ception of these descriptions is shown above. It would largely avoid ground-based detection by flying low and away from air defense 
systems which are currently concentrated along the few strategic attack routes which are possible with chemical fueled systems. Vehicle 
would probably be wingless for the shape shown has an adequate liftdrag ratio at the probable cruise speed range of Mach 2 to 4. 


Lack of Engineering Data Delays Nuclear 


By J. S. Butz, Jr. 


Washington—A nuclear ramjet can be 
built with today’s knowledge and tech- 
nology. 

“It is just a matter of do you want 
it or not,”” according to Dr. Theodore 
Merkle of the Atomic Energy Commis 
sion’s Livermore Laboratory who has 
technical direction of Project Pluto, the 
U. S. nuclear ramjet program. 

Present materials are adequate for use 
in all parts of a nuclear ramjet, and an 
operational supersonic vehicle can be 
constructed. This has been made clear 
in congressional testimony by Dr. 
Merkle and Air Force Col. Jack L. Arm- 
strong, deputy chief of the Aircraft Re 
actors Branch of AE-C’s Division of Re 
actor Development. 

The U. S. nuclear ramjet program, 
however, apparently is involved in a 
dilemma facing many U. S. develop- 
ment projects, which are said to be 
completely feasible and within the state- 
of-the-art by competent personnel who 
are working on them. 

The money needed to go beyond the 
theoretical and laboratory test stages 
and build large scale test vehicles is 
delayed because concrete engineering 
data is not at hand to absolutely prove 


38 


feasibility. Most engineers agree that 
feasibility can never be conclusively 
proven until the problems revealed by 
these large scale test vehicles are met 
and solved and that no amount of 
theoretical and laboratory work can cir- 
cumvent the cost and time of engineer- 
ing development. 

Project Pluto is now in the midst of 
proving the feasibility of the nuclear 
ramjet. 

ory II is the first complete reactor 
that will be tested by Project Pluto. It 
is designed to prove, physics-wise, that 
a ramjet reactor can be built. Other 
reactors will follow Tory II to prove 
that the engineering of a full scale re- 
actor for a ramjet can be successfully 
constructed. 


The funding that has been avail- 


able to conclusively prove feasibility 


has been extremely modest by any stand- 


ards which might be applied today 
for low cost development work. In 
1956, Curtiss-Wright and Atomics In- 
ternational received small AEC con- 
tracts to study the problems associated 
with nuclear ramjets. In 
amount of money was greatly increased, 
and $4.6 million was made available 
for the program. 

By that time, the project had pro- 


1957, the 


gressed to the point where more expen- 
sive work was needed, and it was impos- 
sible to keep two contractors busy on 
separate approaches with the money 
available. The bulk of Curtiss-Wright’s 
work was then terminated. It was fi- 
nancially possible, however, to have 
more people at the Livermore Labora- 
torv transferred to Project Pluto be- 
cause they could no longer be supported 
by Project Rover, the nuclear rocket 
program. 


AEC Request 


In 1958, the AEC requested $10 mil- 
lion in operating money for Project 
Pluto, but the request was cut in half 
by the Administration. An additional 
$2.5 million request for construction 
was allowed. 

The AEC in 1959 requested only $5 
million in operating funds for the 
project because its level of activity 
in 1958 had been such that it could 
not effectively use more money. Con- 
struction appropriations in 1959 were, 
as requested, $6.5 million. 

Additional money was appropriated 
by Congress in 1958 and 1959 at the 
request of Project Pluto officials. The 
largest supplement approved was $3 mil- 
lion in Fiscal 1959. 
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GENERAL layout of the nuclear ramjet vehicle was outlined in congressional testimony. An artist's conception of this arrangement is 
shown above. Apparently the guidance system, thermonuclear weapon, coolant, pumps and other auxiliary equipment would be housed in 
the center body of the diffuser. The reactor would replace the combustion chamber in the chemical fuel ramjet. Four movable surfaces 
on the aft end of the wingless body would provide control. Some type of variable geometry air intake and exit nozzle systems would prob- 
ably be provided to allow rapid altitude changes and maneuvering. 


» Bureau of the Budget and after reviews people in charge of each project was 

Ramjet by the commission we were, in effect, taken into account when the AEC di 

told that we should keep this program vided the funds allowed it by the 

<< o Pues Fico) at a level in Fis- — “eng > bee mae 

the AEC’s Reactor Development Divie 77, 38.1¢ Was n> sea: Sarria Lb cary Peg 

sion, gave an insight during congres- Dr. Davis also said that the budget particular instance (Project Pluto), it i 

dinette dices aoe Aepoese are caatll for the entire commission was held to a___ true that the amount of money which 

ae specified level by the Administration we were finally able to put into this wa 

to determine the amount of money the with instructions that this figure would not equal to what the laboratories 
Administration will allow fer AEC pro- not be raised unless some compelling thought they could do.’ 

grams. Dr. Davis said: reason was proven for increasing it. He AEC funds are only part of thos 

“Under various instructions from the also indicated that the advice of the that are being expended towards pro 

ducing a workable nuclear ramjet vehi 

cle. Air Force is conducting program 

to provide diffusers and nozzles that 

would be necessary to make a complet 

weapon system using the reactor AK( 

is developing. All of the nuclear work, 

including the very critical effects of 

radiation and high temperature on ma- 

terials, is covered by the AEC appropri 


ation 


Operational Vehicle 


The operational vehicle that would 


result from this effort by Project Plut 
and the Air Force has been described at 
length by several military officers and 
project officials. Air Force Gen. Donald 
J. Keirn, chief of the Aircraft Reactor 
, Branch of AEC’s Reactor Development 
WINGED version of the nuclear ramjet might be desirable for certain mission requirements, Division, has discussed the nuclear ram 
‘However, at most Mach numbers liftdrag ratios on modified conical bodies such as this one ject vehicle in the following terms 
are high enough to allow a large payload to be carried ard provide adequate maneuvering ¢ It would have the highest payload to 
capability. High maneuvering requirements around Mah 2 might necessitate wings but gross weight ratio of any intercontinen 
they would increase the cooling problem at higher speeds. tal strategic system, giving it a relatively 
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Vanguard I! Satellite and Instrumentation 


Vanguard II weather reconnaissance satellite (AW Feb. 23, p. 31) is assembled (left) at Astro-Instrumentation Branch, U. S. Army Signal 
Research and Development Laboratory. Avionic instrumentation is stacked in decks in cylinder before being assembled in satellite. 


low cost for the amount of destructive 
power delivered 

® Such a missile could penetrate at su 
personic speeds for extreme ranges at 
low levels, if desired, and, since it would 
be aerodynamically controlled, it could 
change direction and dogleg. By using 
monitored inertial guidance techniques 
during all portions of a mission, excel- 
lent weapon delivery accuracies are pos- 
sible. 


Col 


~ 


Armstrong has identified it in 
congressional testimony as an un- 
manned vehicle which would not have 
severe shielding problems. He also de- 
scribed it as having unlimited range but 
qualified his statement by adding 

When I say unlimited range, obvi 
ously I am not talking about it going 
on forever or anything of the kind 
only that it is relatively weight insensi- 
tive. So this means that quite consider 
ible payloads can be carried.” 

Dr. Merkle described the contamina- 
tion problem as being so small that the 
missile could be well dispersed, by trans 
porting it around the country on a truck 
trailer, and launched from almost any 
open space. Large boosters would be 
used to take the missile to the speed for 
ts nuclear ramjet to take over. 

Guidance for the vehicle could be 
xrovided by any of several known svs- 
tems. Col. Armstrong has mentioned, 
among others, a combination of iner- 
tial and map-matching systems that 
would provide considerably more ac 
curacy in the intercontinental delivery 
of weapons than is possible with ballistic 
missiles. 

One obvious benefit of the nuclear 
ramjet’s ability to travel great distances 
at low altitude would be a low-level 
flight over an entire continent. Such a 


flight would make ground-based detec- 
tion systems practically useless unless 
the missile passed almost directly over- 
head. Only airborne detection systems 
at great height would be truly effective 
against such an attack. 

A possible configuration for this nu- 
clear ramjet missile was outlined to 
Congress by Dr. Merkle. The reactor 
and necessary guidance and auxiliary 
equipment would be integrated into the 
ramjet to such an extent that the mis 
sile could be called a flying powerplant 
Dr. Merkle said 

“It is a very rugged machine. It is 
not flimsy at all. It is a kind of flving 
crowbar. Ihe reactor portion is 
back here in the tail. Forward of the 
reactor is some coolant to keep the 
structure cool at this verv high Mach 
number. Forward of that is the bomb 
compartment. Forward of that is the 
guidance equipment and the like. The 
structure—that is the entire airframe— 
can be built using existing technology. 
No new research is required there.” 

Such a missile probably would cruise 
somewhere between Mach 2 and 4 de- 
pending on altitude. Aerodynamic in- 
vestigations conducted by the former 
National Advisory Committee for Aero- 
nautics and other laboratories indicate 
that it is possible at these speeds to get 
acceptable lift-drag ratios using a wing- 
less conical shape resemb'ing a simple 
circular ramjet engine. Above Mach 5, 
the lift-drag ratios of such vehicles are 
approximately equal to those of the best 
winged configurations. 

At any rate, lift-drag ratios would not 
be as critical for a vehicle with virtually 
unlimited range as they are for chemi- 
cal fueled vehicles. Therefore, it is 
probable that the nuclear ramjet missile 


would not be complicated by 
wings and dealing with the attendant 
cooling problems at high speed. 

I'he atomic reactor required for such 
a missile varies considerably from the 
one required by the nuclear rocket 
which is having its feasibility proven by 
Project Rover at AEC’s Los Alamos 
Laboratory. The rocket reactor must 
operate at considerably higher tempera 
tures than the ramjet reactor, but it 
does not have to function for as long 
a time. 

Ihe rocket reactor must exist in a 
reducing atmosphere, while the ramjet 
travels in the atmosphere, and its r 
actor must withstand oxidation. Con 
gressional testimony concerning the ma 
terials needed for this reactor indicate 
that, while much improvement can be 
expected in the future, materials exist 
now that have the proper oxidation re 
sistance, strength and fatigue proper 
ties under the temperature and radia 
tion levels that would exist in a super 
sonic nuclear ramjet. It also has been 
indicated that a useful ramjet reactor 
will be much smaller than that required 
for a nuclear rocket which could lift 
10,000 Ib. or more into orbit. 

The reactor for the ramjet would 
resemble the one required for a direct 
cycle nuclear turbojet in many respects 
such as length of operating time desired, 
tvpe of oxidizing environment that it 
would exist in and type of control re 
sponse required. A primary difference 
between the two reactors is that the one 
for the direct cycle nuclear turbojet 
would have a shaft running through its 
center to connect the turbine and the 
compressor. 

Control response required by the ram- 
jet reactor would be exact, but it is be- 
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FLIGHT 
CONTROLS 


EXPANDING 

THE FRONTIERS 
OF SPACE 
TECHNOLOGY 


Transistorizing missile flight control systems by 


Lockheed scientists has meant significant 


reductions in weight and space requirements. 


Flight Controls offers one of the most 
challenging areas of work at Lockheed’s 
Missiles and Space Division. 

From concept to operation, the Division 
is capable of performing each step in 
research, development, engineering and 
manufacture of complex systems. Rapid 
progress is being made in this field to 
advance the state of the art in important 
missile and spacecraft projects under 
development at Lockheed. 

Flight controls programs include: analysis 
of flight data and sub-systems 
performance, design and packaging of 
flight control components, development 
of transistorized circuits, operation of 
specialized flight control test equipment, 
and fabrication of flight control 
prototypes. Other work deals with the 
design, development and testing of rate 
and free gyros; accelerometers; 
programmers; computer assemblies; 
guidance control systems; circuitry; and 
hydraulic systems and components. 


Pre-flight check-out on final 
assembly on X-7 missile. The 
X-7 holds free-world's speed 
and altitude records for air 
breathing missiles. 


In the flight controls simulation 
laboratory, mathematical representations 
of elements in a control system are 
replaced one by one with actual hardware 
to determine acceptability of specific 
designs. From these studies, Lockheed 
obtains information which is used in 
further refinement and improvement of 
final control systems designs. 


Lockheed Missiles and Space Division is 


weapons systems manager for such major, 
long-term projects as the Navy Polaris 
IRBM; Discoverer Satellite; Army 
Kingfisher; Air Force Q-5 and X-7; and 
other important research and development 
programs. 


Scientists and engineers desirjng 
rewarding work with a company whose 
programs reach far into the future are 
invited to write: Research and 
Development Staff, Dept. C-17, 962 W. 
E| Camino Real, Sunnyvale, California, or 
7701 Woodley Avenue, Van Nuys, 
California. For the convenience of those 
living in East or Midwest, offices are 
maintained at Suite 745, 405 Lexington 
Avenue, New York 17, N.Y. and at 
Suite 300, 840 N. Michigan Avenue, 
Chicago 11, Ill. 


“The organization that contributed most 
in the past year to the advancement of 
the art of missiles and astronautics.” 


One of Lockheed’ test stands 
with dynamic thrust mount to 
simulate flight environment. 


NATIONAL MISSILE INDUSTRY 
CONFERENCE AWARD 


Lockheed 


MISSILES AND SPACE DIVISION 


SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA 


CAPE CANAVERAL, FLORIDA + ALAMOGORDO, NEW MEXICO 





CABLE 


and 


WIRE LEADS 


by HOWARD E. PENDERGAST 


Technical Director, Rex Corperation 


Engineering reliability 
into cable assemblies 


V4 





\ 


CABLE ASSEMBLY RELIABILITY is the sum 
of the reliabilities of conductors, insulation, 
cabling, soldering and connectors. The in- 
tegrated handling of all variables by one 
dependable source is the surest preventive 
of cable assembly failure. 








Malfunction of electrical 


on the list of causes. Reasons include: 


wire fatigue, insulation break-down, | 
faulty soldering of terminations, ex- | 


cessive rigidity in connectors, end 
break-out or poor contact under shock 
and vibration, grounded or contami- 
nated hermetic seals. 


One solution lies in closer cooperation | 


among the equipment manufacturer’s 
circuit designer, cable manufacturer, 
connector supplier and whoever is 


responsible for cable assembly .. . | 


before specifications are written. How- 
ever, such multiple responsibility can 
delay design and delivery. 


There’s a better way. 
cable assembly team to two members: 
your circuit designer and a cable 
manufacturer qualified and equipped 
to accept complete responsibility. Rex 
Corporation volunteers for the job. 


How would we work together? You 


specify electrical, mechanical, dimen- | 


sional, environmental requirements. 
From there on, the responsibility is 
ours.» We select conductors, correct 
insulation, proper lay of strands to 
achieve ideal balance of cable relia- 
bility, flexibility and cost. We specify 
whether conductor ends should be sil- 
ver plated or tinned. We also select 
standard or engineer special connec- 
tors to achieve proper characteristics. 
Finally, we assemble and test the pro- 
totype for your acceptance. Prototype 
approved, we provide your cable as- 
semblies in production quantities. The 
result: reliable cable assemblies in less 
time, at lower cost. 


Investigate! As a manufacturer of 
wire and cable for aviation and mili- 
tary applications since 1934, Rex 
Corporation is uniquely qualified to 
work with you, For technical assist- 
ance or information leading to reli- 
able cable assemblies, write: 


™’ IKEX CORPORATION 


A Subsidiary of American Enka Corporation 
WEST ACTON, MASS. — COlonial 3-7721 
Insulated Wire & Cable + Mil-spec Wire 
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and elec- 
tronic equipment is a common field | 
problem. Cable assemblies rank high | 


Reduce your | 








fall short in these areas: 





Constant Review 


Washington—Project Pluto has been under review by some form of committee or 
evaluation board during most of its three-year existence, according to Air Force 
Col. Jack L. Armstrong, deputy chief of the Aircraft Reactors Branch of the Atomic 
Energy Commission’s Division of Reactor Development. 

Col. Armstrong believes that project review by outside experts is basically a sound 
policy and could be termed as essential, but he also feels that the present methods 


© Project review should be annual or semi-annual to keep from using too much of 
the time of project personnel for briefings and presentations to the reviewing group. 
© Reviewing committees should include experts in every phase of the activity or 
development that they are reviewing. This is rarely ever done, he says ,and each 
committee tends to concentrate on the particular phase that they know best. Theit 
advice and actions frequently conflict with those of other committees which had to 
deal primarily with another segment of the total problem. 

© Committee members are usually on several reviewing bodies at one time besides 
holding down one or more permanent positions. This does not provide them with 
adequate time to review any one project. 

© Reviewing committees should have authority to give advice only rather than to 
arbitrarily change the program of any project. 

© Reports by reviewing committees should be shown to the project which was 
reviewed before they are released. This would allow correction of any misunder- 
standing of fact by the reviewing committee before the issuance of the report. 








lieved by Project Pluto personnel to be 
within the state of the art. Since the 
air passing through the ramjet functions 
as a coolant for the reactor as well as 
the medium for producing thrust, the 
reactor must adjust its power level 
quickly as the vehicle changes altitude, 
and the density of the coolant gas 
changes. A controllable inlet and nozzle 
on the ramjet would greatly reduce the 
power change requirement placed on 
the reactor. 

The present reactor development 
effort in Project Pluto is directed in 
three principal directions—materials, 
nuclear physics and mechanical engi- 
neering. Materials improvement is de- 
scribed by Dr. Merkle as being the 
most important. 

A test area at Jackass Flats, AEC’s 
Nevada Test Site, has been set aside 
for Project Pluto. This has been desig- 
nated “401 area,” and it is close proxim- 
ity to the “400 area” assigned Project 
Rover. The test facilities for Pluto 
have not yet reached the advanced stage 
of construction of those in the Rover 
area, 

While the Pluto installations will 
serve roughly the same purpose as those 
for Project Rover, it was decided that 
money could be saved in the long run 
if the facilities were kept separate. 

The Pluto installation differs in lay- 
out somewhat from the Rover area 
which was shown in the Feb. 16 issue of 
Aviation Weerx (p. 49). A materials 
test installation is located about two 
miles from the control building; a dis- 
assembly building is about two miles 
from the materials test facility and con- 
nected with it by a railroad line. After 
a test, remotely controlled locomotive 
will move the test specimens and re- 


actor along the track to the disassembly 
building where an inspection of the 
radioactive equipment will be per 
formed remotely from behind heavy 
shielding. 

A hot critical assembly building is 
located adjacent to the control build- 
ing. Nuclear physics experiments will 
take place there, primarily to determine 
if the criticality of a pile changes at ele- 
vated temperatures. At present, most 
knowledge of criticality has been gained 
at room temperatures or slightly above. 
To get the information needed for the 
nuclear ramjet, an oven and blower 
system are being built in the hot critical 
assembly building so that hot air can 
be blown over pile. 

Measurements taken during thes¢ 
tests will show if there is a reactor con 
trol reversal at high temperatures. 
While such a contro] reversal is not ex- 
pected, no information is available now 
to show exactly what to expect. 

This is similar to the situation exist- 
ing in the flight testing of a number of 
aircraft in the past when they experi- 
enced unexpected control reversals at 
various speeds and attitudes. It is pos 
sible that at certain temperatures the 
reactor control rods should be pulled 
out rather than pushed in to reduce 
power. 

[his experimental pile in the criti 
cality experiments does not become 
radioactive so that they can be per 
formed close to the control building 

While construction in the Project 
Pluto “401 area” is not as advanced as 
that in the nuclear rocket area, the proj 
ect itself is considered to be in a more 
advanced state, and most project ofh- 
cials believe that a workable nuclear 
ramjet will precede the nuclear rocket. 
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Missile Prepackaging May Soften 
Navy Resistance to Liquid Fuel 


By Russell Hawkes 


Pasadena, Calif.—Prepackaged, stor- 
able tanks of liquid rocket propellants 
and a throttle-controlled rocket with 
thrust precisely variable from zero to 
maximum have been developed by 
Naval Ordnance Test Station, China 
Lake, Calif 

(hese developments may soften Navy 
resistance to liquid propellants in mili- 
tarv missiles. NOTS scientists are con 
vinced they can be incorporated in 
weapon system development relativels 
soon 

Ihe combination of storable liquid 
propellants and complete command con- 
trol of thrust offers important advan- 
tages. Storables offer the same quick 
readiness as solids. Specific impulse and 
mass ratio, which determine perform- 
ince, can be similar to those of rockets 
using familiar non-storable liquid pro- 
pellant combinations. 

Navy will not identify the storable 
combinations it has used successfully, 
but the ones which NOTS experts call 
their “workhorse” propellants are hyper 
golic, have been stored in aluminum 
containers for five years without de- 
terioration of tanks and dropped 40 ft 
mto steel decks without serious damage 
Navy claims factory-filled missile tanks 
of the workhorse propellants are highly 
resistant to thermal shock and gunfire. 


Hazard Factor 


I'he storables are toxic and highly 
corrosive to living tissue but NOTS 
studies indicate that these hazards are 
more easily controlled than expected 
Navv scientists say the proper criterion 
of storability is the boiling temperature 
of the propellant rather than corrosivity 
or the effect upon human beings for it 
determines internal pressures upon the 
tank. Also, if boiling point is exceeded 
it may affect the properties of the pro- 
pellant and its behavior during opera- 
tion of the rocket. Corrosion is con- 
sidered an easier problem because there 
is always some tank material to be 
found which is compatible with the 
propellant. Cryogenic (liquefied gas) 
oxidants are obviously eliminated by the 
high boiling point requirement 

Storable propellant tanks must be 
designed to withstand heavy handling 
but if propellant is pump-fed to the 
combustion chamber, unpressurized 
tanks can have aluminum walls as light 
is 0.1 in. thick. 

NOTS throttle-controlled rocket re- 
quires hypergolic fuels which may in- 
clude ozones and fluorine combinations 
as oxidants. There have been other 
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variable thrust rocket engines and some 
are in use in manned amcraft but the 
degree of thrust regulation is tightly 
limited because changing the propel 
lant flow rate varies the pressure drop 
across the injector face. 

Some level of injector efficiency is 
necessary to the operation of the thrust 
chamber and since injector efficiency 
may vary sharply with the pressure drop, 
it is obvious that complete command 
control of thrust cannot be had merely 
by varying propellant flow rate. Solu 
tion of this problem is the key to the 
NOTS development. NOTS scientists 
refuse to answer questions about it but 
it is apparent that injector geometry 
must be varied to keep pressure drop 
within an acceptable range throughout 
the complete range of propellant flow 
rates. 

Development of the thrust control 
system was a low cost NOTS program 


which lasted 30 davs and aside from the 
time spent in conceiving the idea re 
quired a little over four man-hours of 
labor Heart of the hydraulically 
powered system is a truck brake master 
cylinder bought retail at an auto suppl 
house. Something very similar to the 
experimental system could be delivered 
for about $50 

Command-controlled thrust makes it 
possible for a missile or space ship to 
burnout velocity 
preprograming of 
makes small 


achieve a very precis¢ 
without difficult 
thrust termination for it 
corrections possible at end of burning 

Entry to a moon orbit requires that 
a burnout about 39,000 
fps. be reached with a tolerance of about 
+ fps. Command-controlled corrections 
would obviously improve the probability 
of a successful trip and would simplif 
guidance equipment producing an im 
provement in reliability 

In a military missile the 


velocity of 


combina 


tion of command control and storabk 
liquid propellants can result in quicker 


readiness and in missiles with longer 


range or greater pavload for the same 
external dimensions 


Navy Plans Development Program 


For Polaris High-Yield Warhead 


Washington—Navy programs for de 
velopment of a guided-missile warhead 
for the Polaris fleet ballistic missile with 
more than twice the present vield and 
lightweight nuclear warheads that could 
be fired from guns or dropped from 
helicopters in anti-submarine warfare 
were outlined by Adm. Arleigh Burke, 
Chief of Naval Operations, to the 
Senate Foreign Relations Disarmament 
Subcommittee. 

Adm. Burke cautioned th« 
mittee that an international 
nuclear weapon testing would mean a 
freeze on these projects and prevent 
their ultimate development 


Greater Yield, Less Weight 


“There are great prospects of increas 
ing the yield and decreasing the size of 
weapons,” Adm. Burke told the sub 
committee. “In Polaris we have a satis 
factory warhead, but if the tests were to 
continue, we could probably get a war 
head weighing the same amount which 
will have two or three times the pres 
ent yield 

“Also, we would like to go into real 
small weapons—depth that 
could be fired from a gun, for exampk 
Some day we will be able to achieve 
that if testing continues.” 

Although improvement continues in 
missile propulsion and guidance, Adm 
Burke said that this progress will not 


subcom 
ban on 


charges 


compensate for a stand-still in warhead 


development Ihe Navy, he said, i 
“on the tack now of making a signifi 
cant improvement in the specihc im 
pulse of solid propellants, ind we ex 
pect to have ballistic missiles which will 


use all inertial guidance 


Polaris Progress 
Adm. Burke 


sile project was optimustx 

e The first missile, he said “‘is 
uled to be in full operation in the fall 
of 1960 ‘although the 
build-up of three (Polaris submarine 

a vear 1s and the Navy 
would like to have it accelerated, h« 
noted: “Each of these subs 
a few weapons, and it does not take ver 
many of thos« 
considerable area, and each one of thes« 
subs will handle quite a few areas.” 

© He estimated that the Soviet Union 
res irch 


report on Polaris mi 
sched 
programed 
conservative 


carr quite 


weapons to wipe out a 


has conducted “considerable 


on ballistic missiles for submarine 
based their 
on ballistic missile Russia 

have ballistic missile ubmarines 
Adm. Burke said, “but I do not think 
thev have very 
e Polaris “in the next year or so « 
put on surface ships,” he said. As 
Adm. Burk« pointed out 
the great advantage is that the 
would not know which ships have bal 


upon land research data 
could 


now 


man 
in be 
with 
submarines, 
cnci 
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listic missiles and which have not. 

In addition to blocking development 
of small warheads for anti-submarine 
warfare, Adm. Burke said that a ban 
on nuclear tests also would prevent the 
Navy from developing urgently needed 
data on lethal areas of atomic impact 
at sea. He explained: 

“We still need to know the range at 
which a significant jolt would be re- 
ceived. . . . We know the lethal range 
of an atomic weapon pretty well at 
various depths from our underwater 
tests... . But we do not have enough 
data on how far our own ships should 


be away from the explosion in order 
not to get operational damage.” Rough 
data indicates range from explosion 
should be 2,000-3,000 yd., he said. 

A nuclear grenade device which 
could be fired from guns for anti-sub- 
marine warfare, Adm. Burke said, 
“would be a lot cheaper and easier” 
than the rocket launched depth charge 
which Navy now has in the design 
stage. “What we are trying to do is 


develop a way to use our present gun 
platforms and fire control equipment 
without putting more expensive equip- 
ment in the ships,” he commented. 


Offshore Civil Aircraft Corridor 
Opened by Pacific Missile Range 


Pt. Mugu, Calif.—Pacific Missile 
Range headquarters here has opened a 
corridor in its reserved airspace offshore 
for part-time use of transpacific civil air 
trafic. 

At Pacific Missile Range suggestion, 
Federal Aviation Agency has given the 
corridor a dual designation as a control 
area (C-1176) and a warning area (W- 
537). The range will try to build 
its firing schedules around known air- 
line schedules and transpacific flights 
will be cleared through corridor be- 
tween firings. 

I'he area would be under the juris- 
diction of the Los Angeles Air Route 
Trafic Control Center which would 
designate it a Warning Area at Pacific 
Missile Range request. 

The idea of dual designated airspace 
is not new but this is the first time it 
has been applied. Military and airline 
men believe its wider use would do 
much to straighten out the present 
tortuous air route structure. The Pa- 
cific Missile Range dual designated area 
became effective Jan. 1. 


Former Policy 


For some time Pt. Mugu has been 
granting direct transit clearance to com- 
mercial carriers on request and denying 
clearance only when there was potential 
conflict with missile operations or when 
a clear flight path could not be guar- 
anteed. This has been continued and 
to date over 95% of all transit requests 
have been granted. 

An elaborate surveillance radar net- 
work is an essential part of planned 
Pacific Missile Range instrumentation. 
The range, Air Defense Command and 
Federal Aviation Agency are working 
out ways to fit this network into the 
national Air Route Traffic Control sys- 
tem and make nearby ARTC facilities 
available for special Pacific Missile 
Range missions. The range’s equip- 
ment is being sited with this end in 
mind and all surveillance data will be 
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made available to Air Defense Com- 
mand, Los Angeles ARTCC and any- 
ane else who has a legitimate need for 
it. 

Data relay systems being installed are 
designed so that other potential users 
will have access to the information as 
soon as correct receivers and display 
units are installed. Pacific Missile Range 
has tried to make the system compatible 
with those planned by FAA and Air 
Defense Command. 

Navy missile-carrving fighters out of 
planned Naval Air Station, Lemoore, 
Calif., will carry out firing practice in 
Pacific Missile Range. To get these air- 
craft through the Monterey-Point Sur 
area and within the boundaries of the 
range’s precision control network, range 
controllers will have to rely on sur- 
veillance data from FAA facilities to be 
installed at Paso Robles and Monterev. 
Federal Aviation Agency and its pred- 
ecessor, Airways Modernization Board, 
have studied PMR-ARTCC coordina- 
tion plans and the use of dual desig- 
nated airspace with an eye to using 
the same methods elsewhere in the 
country. 

A problem as yet unsolved by the 
range is the passage of unannounced 
civilian light aircraft through the 
range’s restricted areas. At NMC Pt. 
Mugu an average of three lightplanes 
a week pass through the traffic pattern 
which includes high performance jets 
and drones without warning. So far 
NOTAMs (notice to airman), letters 
to airport managers and every other 
formal and informal communication 
have failed to improve the situation 
Adm. Jack Monroe, Pacific Missile 
Range commander, concedes the im- 
portance of the coast route to private 
pilots and is offering NMC control 
facilities to overflying aircraft, has ger- 
rymandered NMC restricted area (R- 
100) to fit prominent landmarks and 
has placed a 3,000 ft. ceiling over 
military aircraft in the area. 


NASA Contracts 


Washington—F ollowing is a contract- 
by-contract breakdown of National 
Aeronautics and Space Administration 
research and development contracts of 
over $50,000 let from the organization 
of NASA on Oct. 1, 1958, through Jan. 
31, 1959. First dollar figure given repre- 
sents 1959 obligations, the second figure 
represents the total estimated dollar 
value of the contract, which in some 
cases will extend over several vears. 


NASA Headquarters 


Institute of Technology, Jet 
Laboratory; program, aircraft 
missile and spacecraft research support of 
JPL plant and conduct of research; con 
tract number, HS-41; $8,160,000: $8,160 
000 

Vale University; 
sile and spacecraft 

contracts for molecular 
$110,000: $110,000. 

Office of Naval Research, Nava! Researc 
Laboratory ; program: scientific investiga- 
tions in space, sounding rockets and partial 
support of Space Sciences Division ; HS-47 
$1,900,000: $1,900,000, 

Air Research and Development Command, 
USAF, Ballistic Missile Division ; program 
scientific investigations in space on earth 
satellites, including Thor-Able 
H-6 : $7,120,000: $7,120,000 

Army Ordnance Missile Command; pro 
gram: scientific investigation in space 
earth satellites and Juno II boosters; HS 
21: $8,540,000; $8,540,000 

U. 8. Department of Commerce, National! 
Bureau of Standards, program scientifi 
investigation in space, earth satellites and 
computing services (60%) ; HS-37: $80,000 
$80,000. 

Alton Engineering Co. program 
investigation in space on earth 
and alterations to buildings 5-7 at Bell- 
view Annex, NASW-20; $130,000; $130,000. 

Office of Naval Research, Naval Research 
Laboratory; program: scientific investiga- 
tion in space, earth satellites and partial 
support of Space Sciences Division ; HS-47 
$2 million; $2 million 

U. 8. Department of Commerce, Nationa! 
Bureau of Standards: program: scientifi 
investigation in space, earth satellites and 
research on rubidium frequency standards ; 
HS-48 ; $270,000; $270,000 

Iowa State University; 
tific investigation in space, 
reduction analysis; NASW-17; 
$19,320. 

Army Ordnance Missile Command; pro 
gram scientific investigation in space 
earth satellites, lunar probe projects ; HS-1! 
$2,110,000; $2,600,000. 

Air Research and Development Command, 
tallistic Missile Division; program: scien 
tific investigation in space lunar 
projects ; HS-2; $2 million, $2 million 

Office of Naval Research, Naval Ordnance 
Test Station, China Lake, Calif.; program 
scientific investigation in space; lunar 
probe projects; HS-3; $200,000; $200,000 

U. 8. Department of Commerce, Nationa! 
Bureau of Standards; program: scientifi 
investigation in space’; computing services, 
HS-37; $40,000; $40,000. 

Air Research and Development Command, 
Ballistic Missile Division; program: scien 
tific investigation in space: deep 
probes, space probes; HS-5; $8,990,000 
$8,990,000. 

Army Ballistic Missile Agency; 
scientific investigation in space; deep space 
probes, deep-space study; HS-20; $340 
000; $340,000 

California Institute 
Propulsion Laboratory ; 
investigation in space; 
deep-space study; HS-20; 
300,000, 

U. 8. Department of Commerce, Nationa! 


(Continued on p. 53) 
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aircraft, mis- 
research 


NASW-21 


program ; 
research, 
study ; 


boosters 


scientifi 


satellites 


program: scien- 
earth satellites 
$10,000 


probe 


space 


progran 


of Technology, Jet 
program scientific 
deep space 
$1,300,000; $1 


probes 
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WHAT 
DOES IT TAKE 
TO BUILD MISSILE 
SYSTEMS”? 


T TAKEs all of the dynamic resources, tech- 
nology and skilled man power of the en- 
tire defense complex—the best of the military, 
government and industry. 


The staggering sum of $3.3 billion was 
spent on missiles alone in 1958 and this level 
will continue, probably increase in the future. 


How does a large diversified manufacturer 
participate in this highly sophisticated field, 


earn acceptance as a qualified defense con- 
tractor? How does one then integrate the 
work with normal business operations so that 
gains continue in company growth, in em- 
ployment and in earnings? 

Here, Minneapolis- Honeywell demonstrates 
the corporate weight it places against the big- 
gest, most complex, and certainly the most 
expensive undertaking by our government in 
peacetime history. 





WHAT DOES IT TAKE TC 


It 

Takes 
Corporate 
Strength 


Honeywell Growth— Honeywell has a history of growth. 
In the past ten years sales have increased from $57.6 
million in 1948 to $328 million in 1958. Employment has 
increased from 8600 to 32,000 in the same period while 
net earnings have increased from $5.9 million to $22.6 
million. 


Strength from Profits—A vital factor in Honeywell’s growth 
has been its consistently profitable operations coupled 
with conservative financial policies. This has enabled the 
company to plow back earnings ($66 million in the past 
ten years); readily obtain adequate financing. 


Diversification— Honeywell is a diversified company. It 
manufactures 12,000 different products and sells to al- 
most every industry. Yet the company is specialized in 
that it has chosen to stay within the general field of auto- 
matic control including the associated areas of instrumen- 
tation and data processing. Almost all of our products 
are of a precise, complex type with a high degree of en- 
gineering content—over half are electronic. With this 
product line it is not surprising that Honeywell, as the 
leading control manufacturer, should participate in a 
sizable way in the more complex component and systems 
aspects of defense work. 


HONEYWELL FACILITIES. The 38 plants combined in the illustra- 
tion at right show Honeywell’s manufacturing, engineering 
and research facilities brought together in one community. 
Not shown are the company’s warehouses, smaller manu- 
facturing plants, and 166 sales and service offices throughout 
the world. 
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HONEYWELL MANUFACTURING AND RESEARCH FACILITIES IN THE UNITED STATES, CANADA AND OVERSEAS 


1. Amsterdam, The Netherlands, 
Honeywell N. V. - Temperature Controls. 
2. Frankfort, Germany, Honeywell 
G.m.b.H. + Valves 

3. Newhouse, Scotland, Honeywell 
Brown Limited - industrial 
instruments, MICRO SWITCH 

switches and control devices 

4. Amiens, France, Honeywell S.A.R.L. 
Temperature controls 

5. Tokyo, Japan, Yamatake-Honeywell 
Keiki Company Ltd. - Industrial 
instruments, MICRO SWITCH 
switches, commercial controls. 
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6. Seattle, Development Laboratory 
Underwater ordnance equipment. 

7. Los Angeles, Gardena Plant 

Gas appliance controls. 

8. Los Angeles, Aero West 
Development Center - Missile systems 
and components 

9. Los Angeles, Duarte Plant 
Missile systems and components. 
10. Chicago, Morton Grove Plant 
Temperature controls 

11. Freeport, Illinois, Plant 2 
MICRO SWITCH precision and 
mercury switches, 


12. Freeport, IIlinois, Plant 1 

MICRO SWITCH precision and 
mercury switches. 

13. Denver, Heiland Division 
Recording oscillographs and 
photographic equipment 

14. Minneapolis, Wold Chamberlain 
Field - Flight test and hangar facilities 
15. Minneapolis, Brede Plant 

Missile systems and components 

16. Minneapolis, Golden Valley Plant 
Plastic moldings and Minneapolis 
warehouse facilities 

17. Minneapolis Downtown Plant 
Temperature controls. 

18. Minneapolis, Ramsey Plant 
Custom control panels 

19. Minneapolis, Main Plant 
Administrative offices, temperature 
controls, transistors 

20. Minneapolis, Stinson and Ridgway 
Plants - Aeronautical and missile 
systems and components 

21. Minneapolis, Nicollet Building 
Temperature controls sales school and 
transistor design 

22. Minneapolis, Hopkins Plant 
Missile systems and components 

23. Minneapolis, Honeywell Research 
Center - Corporate basic research 

24. Philadelphia, Industrial Education 
Center - Industrial controls sales school 
25. Philadelphia, Olney Plant 
Industrial instruments, controls. 


26. Philadelphia, Rubicon Building 
Industrial instruments, controls. 

27. Philadelphia, Fort Washington 
Plant - Industrial control valves. 

28. Philadelphia, Luzerne Plant 
Industrial instruments, controls. 

29. Philadelphia, Main Plant 
Industrial instruments, controls. 

30. Toronto, Ontario, Honeywell 
Controls Limited - Complete line of 
Honeywell products in Canada 

31. Wabash, indiana, Main Plant 
Temperature controls. 

32. Wabash, Indiana, Bond Street 
Plant - Electronic air cleaners 

33. Boston, Brighton Plant 
Aeronautical and missile systems and 
components. 

34. Boston, Charles River Plant - Aero- 
nautical, missile systems, components. 
35. Boston, DATAmatic Corporation 
Electronic data-processing equipment. 
36. St. Petersburg, Florida, 
Aeronautical Inertial Center 
Aeronautical and missile systems and 
components 

37. Beltsville, Maryland, Davies 
Laboratories - High-speed 
data-recording systems 

38. Manchester, New Hampshire, 
Marion electrical instruments 

39. Pottstown, Pa., Missile ground 
support equipment 

40. Fall River, Mass. Industrial 
instruments, controls 
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It 
Takes 


Organization 


EADED by a Group Vice President, the Military 
Products Group combines the experience and fa- 
cilities of four of the company’s divisions grouped to 
serve the military market with more effectiveness. These 
divisions are represented to the military by a single in- 
tegrated sales force. The group is able at any time to 
draw on the Corporate Research Center and on other 
Honeywell divisions. 


Integrated Divisions—The four major divisions incor- 
porated into the Honeywell Military Products Group 
produce in excess of $100,000,000, or 30°, of the Com- 
pany sales. Their typical areas of activity are: 


AERONAUTICAL DIVISION—located in Minneapolis, Minnesota; 


Los Angeles, California; St. Petersburg, Florida. 


Missile systems and components including inertial guid- 
ance systems, missile stabilization systems and com- 
ponents, advanced flight control systems and ground 
support equipment, bombing systems, electronic fuel 
measurement systems, engine control and instrumenta- 
tion systems, precision gyros and other components, 


BOSTON DIVISION—located in Boston, Massachusetts. 


Missile systems and components including gyros, ac- 
celerometers, synchros, proximity switches, servos, de- 
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modulators, instrumentation and telemetering equip- 
ment, amplifiers and other equipment for precision 
measurement and control. 


MISSILE EQUIPMENT DIVISION—located in Pottstown, Pennsylvania. 


Ground support equipment for high pressure gas sys- 
tems, cryogenic systems, programming equipment and 
simulators for functional checking of ground support 
systems. 

ORDNANCE DIVISION—located in Minneapolis, Minnesota; 


Los Angeles, California and Seattle, Washington. 


Missile systems and components including fuzes, safety 
and arming mechanisms, munitions, warheads, under- 
water ordnance and sonar systems, ground support 
equipment, fire control systems, infrared systems, com- 
munications equipment, and cryptographic equipment. 
Capability in Depth— Today, Honeywell’s Military Prod- 
ucts Group includes a combined force in excess of 9,000 
people—over 1,000 of whom are graduate engineers. Its \ 
engineering and production areas exceed one million 
square feet, with 15 factories and facilities in seven 
cities. The combined experience and resources repre- 
sented in this group make it one of the largest sources 
in the country for research, engineering and production 
capabilities for precision military electronics. 
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It 
Takes 


Experience 


DEPTH of experience along broad lines is available 

from the Military Products Group which presently 
has complete weapons system responsibility for several 
missile projects—two of which are an antisubmarine 
missile and an air-to-surface missile— with extensive ex- 
perience in all phases of the programs, from research 
and development to final user tests. 


Missile and Space Systems— With a notable background 
in missile and space systems management, as well as in 
system and component design, development and pro- 
duction, and testing, Honeywell has the capabilities, 
experience, personnel and facilities necessary for work 
with all phases of prime missile and space systems. 


ANTISUBMARINE. The Ordnance Division has been under contract 
to the Navy’s Bureau of Ordnance for the ASROC missile pro- 
gram since early in 1956. Asa prime contractor, Honeywell Ord- 
nance has been responsible for systems management, coordina- 
tion and direction of all phases of the project including the missile, 
fire control, launcher, warhead, test, checkout, and training 
equipment. A special engineering branch at Los Angeles, Cali- 
fornia, was established to promote liaison between Honeywell 
and the Naval Ordnance Test Station which has technical super- 
vision of the project. 


AIR-TO-GROUND MISSILE SYSTEM. The Aeronautical Division en- 
tered into contract with the Air Force Armament Center in 1956 
to develop, test, and produce initial quantities of a classified 
missile system, a program that points out the Military Products 
Group’s ability to function as a corporate team. As prime con- 
tractor, Honeywell Aero has systems management responsibility 
in this program, which includes all phases of the weapon devel- 
opment including launch means, storage and preflight checkout 
equipment, airframe design and guidance system. The atomic 
warhead adaption kit is being handled by the Ordnance Divi- 
sion; the propulsion system is sub-contracted. 


SPACE FLIGHT CONTROL AND GUIDANCE. Honeywell is a member of 
the Martin team for developing the Air Force’s boost-glide air- 
craft called Dyna-Soar, and is conducting preliminary develop- 
ment analysis of certain classified control aspects for Dyna-Soar’s 
pilot controlled space flights. Honeywell is also working directly 
with the National Aeronautics and Space Administration on the 
stabilization control of space vehicles. In this same field Honey- 
well is responsible for the stabilization control of McDonnell 
Aircraft’s “Project Mercury”’ program. 


SPACE ENVIRONMENT. Honeywell is currently working on a space 
capsule and its environment control systems. Drawing on the 
corporation’s unmatched experience as the world’s leading pro- 
ducer of environmental controls and systems, Honeywell engi- 
neers are developing a control system to maintain a livable 
environment for a man in a capsule in space. This work involves 
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design of the complete system for cabin control and the modi- 
fication and integration of components into a reliable, accurate 
system. 


Missile Sub-Systems and Components— Honeywell’s Mili- 
tary Products Group has been active in the design, de- 
velopment, production and testing of various sub-sys- 
tems and components for a wide range of missiles 
which includes: Falcon, Little John, Sergeant, Thor, 
LaCrosse, Honest John, Corporal, Redstone, and 
Sidewinder, plus Atlas, Titan and Polaris, still under 
development. 


Fields in which the Group has distinguished itself 
are—Inertial Guidance Systems and components, in- 
cluding the gyro reference systems for Titan and 
Vanguard— Advanced Flight Control Systems, where 
we are the largest manufacturer—Instruments, in- 
cluding fuel measurement systems for all of America’s 
jet transports— Fuzing and Arming Systems for many 
of our operational missiles—Warhead systems for 
such missiles as Honest John and Little John—and 
others: Safety and Position Guarantee Systems— 
Test and Checkout equipment—Thermal Batteries 
and Power Supplies—Trainable Launchers— Ground 
Handling Equipment—Ground Support Equipment 
—Atomic Warhead Adaption Kits—Airframes—Tel- 
emetry—Transistors—Infrared Systems—Instru- 
mentation—Computors—Sonar. 


Much of the work in these fields has been directed 
toward research and development of better equip- 
ment to meet ever-changing missile parameters. The 
attitude of restlessness in research that grew with the 
Honeywell corporation is thoroughly instilled in the 
divisions of the Military Products Group, and this is 
one of the reasons why Honeywell has so rapidly 
forged to the front in space and guided missile work. 


Specialized Techniques—In the extensive work done 
by the Military Products Group in all phases of 
missiles, special techniques had to be developed for 
nearly every segment of the various programs. In 
response to these special requirements, Honeywell 
engineers and technicians have mastered the neces- 
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sary techniques to the point that now many of them 
are routine. A partial list follows. 


RELIABILITY TECHNIQUES—In obtaining accurate reliability fig- 
ures for components and systems, life tests, chain law of prob- 
ability ratio and other test methods are used. Honeywell has 
complete environmental! laboratories, capable of performing 
all standard military qualification tests, and has had extensive 
experience in supersonic sled testing. 


PRODUCTION TECHNIQUES—Honeywell Research and Produc- 
tion personnel are constantly experimenting with new produc- 
tion methods and materials—coil windings using precious 
metal wire five times finer than a human hair, machining 
techniques guaranteeing accuracies of 25 millionths of an inch, 
exotic metals such as beryllium—and developing workable 
high-temperature compounds such as ceramics and cermets 


MINIATURIZATION, TRANSISTORIZATION, PRINTED CIRCUITRY — For 
years the divisions of the Military Products Group have 
produced practical designs in these important areas, and many 
proven components now produced for missiles incorporate 
Honeywell miniaturization, printed circuitry and transistor 
techniques. These are immeasurably aided by Honeywell's 
own producing Transistor Division, which enables the Honey- 
well designer to maintain quality control in the use of these 
solid-state electronic devices. 


SPACE-FLIGHT REQUIREMENTS—In addition to advanced work 
in the more glamorous aspects of space flight, such as guidance 
and flight control, Honeywell is deeply involved in the more 
prosaic but equally important field of Human Factors— cock 
pit layout, environmental controls, food preservation and 
growth, high temperatures, acceleration and other factors 
without which manned space flight, as presently envisioned, 
will be impossible. 


ROVEN past performance backs up Honeywell's 

progress in the new fields of missiles and space. 
The Aero Division has produced 45,000 autopilots, 
128,000 engine turbo-regulator controls and 293,000 
gyros. Honeywell designed and manufactured the 
first practical electronic fuel measurement system 
and is now the major supplier. In addition, the com- 
pany produced the first flight control system designed 
for supersonic aircraft, and years ago mastered tech- 
niques necessary for mass-producing a complete line 
of hermetic integrating gyroscopes which are the 
most accurate in the world. Honeywell not only 
makes the smallest floated gyro, but also the smallest 
conventional gyro, the Golden Gnat, which weighs 
only three ounces. 
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Takes 


People 


Honeywell has a vast store of engineering 
“know-how” among its more than 31,000 
employees. One out of every ten employees is 
actively engaged in either research or engineering 
work. The list of specialties is impressive, 
covering almost every field of Technology 

and Science. 

In organizing a research, development and 
production program for a missile system, a 
Military Products Group task force is formed 
with direct line responsibility for completion of 
the particular project. This force is formed of 
key technical and administrative personnel 
drawn from all four divisions. Yet it is significant 
that the personnel and resources of any one 
division comprises only a part of the pool of 
experienced manpower that makes up the whole 
of Honeywell. 


Honeywell, through its Military Products 
Group, has accepted a commitment to long-range 
service in the defense effort. In rendering this 
service, Honeywell is well prepared to call upon 
its resources in order to produce more effectively 
both for the military, and our growing 
commercial business. 


Detailed information on any phase of the 
Military Products Group’s activities can be 
obtained by writing: Military Products Group, 
Minneapolis-Honeywell Regulator Co., 
Minneapolis 8, Minn. 


Honeywell 
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Lockheed’s Hercules takes U.S. based troops 


Any place on Earth in 1% days 


The Jet Age’s first strategic/tactical transport, the 
new Lockheed C-130B HERCULES, is the only U. S. 
Air Force plane designed specifically to airlift battle- 
ready troops, equipment, and supplies from the U. S. 
to any area on earth in 36 hours or less—then para- 
drop them into battle zones or land with them on short, 
rough fields, sand, snow or ice. 

The C-130B HERCULES is a huskier, more power- 
ful, longer range version of the C-130A HERCULES— 
which in two years of world-wide service with the Air 
Force has become the unchallenged Champion of the 
U. S. Strategic Airlift. 

Now coming off production lines at Lockheed’s 
Georgia Division, the new C-130B HERCULES will 
soon enter service with the U. S. Air Force’s Tactical 
Air Command. 


Takeoffs from deep sand averaged only 1500 feet in a 
C130A at 110,000 pounds gross weight. With same load 
it landed on sand and stopped in less than 950 feet. 


Landing on frozen lake, “Ski-130” (weighing 62 tons 20 tons of pallet-loaded cargo can be winched in or out of 
gross) stops in 1200 feet. Taking off from same lake, this the C-130 in 40 seconds. HERCULES can land, unload 20 tons, 
ski-fitted Airlift Champion was airborne in 2100 feet. reload 20 tons, take off in 20 minutes—saving 2’ hours. 
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The C-130 HERCULES transports 92 battle-ready troops, or 64 fully-equipped paratroops 
—and holds the world record for the heaviest parachute-extracted drop: 30,370 pounds. 


Challenging opportunities available today for aircraft and nuclear 
engineers and scientists. Write: Professional Employment, 834 West 
Peachtree Street, N. W., Atlanta 8, Georgia, 


JET TRANSPORTS ¢ JET FIGHTERS « JET TRAINERS *« COMMERCIAL & MILITARY PROP-JET TRANSPORTS + ROCKETRY 
BALLISTIC MISSILE RESEARCH & DEVELOPMENT * WEAPONS SYSTEMS MANAGEMENT « ANTI-SUBMARINE PATROL AIRCRAFT 
NUCLEAR-POWERED FLIGHT « ADVANCED ELECTRONICS « AIRBORNE EARLY-WARNING AIRCRAFT + AIRPORT MANAGEMENT 
NUCLEAR REACTOR DESIGN & DEVELOPMENT « GROUND SUPPORT EQUIPMENT *¢ WORLD-WIDE AIRCRAFT MAINTENANCE 
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ADVANTAGES of composite radar weather presentation (left) can be seen in comparison with the conventional synoptic display for the 
same period (right). Synoptic chart shows a stationary front extending from Lake Michigan south into the Texas Panhandle. Radar display 
shows this to be a series of squall lines in different stages of development, with an old dissipating system oriented east-west. These, and 
the two other squall line systems shown, compared with the synoptic analysis are clearly ahead of the stationary front analysis. The radar 
picture also shows that some scattered thunderstorms are organized lines of storms. 


U.S. Planning Nationwide Weather Radar 


meet 
missiles 


By James A. Fusca 


Radar has found a new and important 
use in the rapidly growing field of radar 
meteorology. The technique is consid- 
ered sufficiently promising for aiding 
faster and more accurate weather fore 
casting so that Air Force and Weather 
Bureau scientists are planning the instal 
lation of a nationwide network of 
weather radars and automatic data proc- 
essing equipment to produce “instant” 
weather maps covered the entire U S 
I'he system is expected to be in opera- 


tion within the next 10 years. 


Radar’s Value 


Ihe value of radar in weather fore- 
casting is that it provides a three di- 
mensional view of the atmosphere in 
detecting severe storms, precipitation 
and related weather events. By assem- 
bling composite infornation from a 
number of radars, large scale weather 
phenomena such as warm fronts can be 
viewed and their movements accurately 
followed 

Radar weather observation will not 
make obsolete more conventional me- 
teorological instruments such as the 
radiosonde, barometer, and anenometer, 
but will supplement them in prepara- 
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tion of forecasts. One important use 
with both civil and military application 
is the extremely rapid presentation of 
storm areas for routing of high speed jet 
aircraft. 


Joint Project 


l'o assist the modernization program 
designed to integrate existing and pro- 
posed weather facilities, a three agency 
agreement has been between 
the Departmnt of Commerce, for the 
Weather Bureau, Department of De 
fense, for the Air Force, and the Federal 
Aviation Agency that will create both 
a national and a global weather system. 

Che program will be under Air Force 
direction and is designated by the Air 
Force as the WS 433-L weather system. 
Air Force part of tle system will inte 
grate with its WS 460-L weather recon 
naissance aircraft system and WS 480-L 
global communications svstem. Bids for 
the WS 433-L system will be requested 
within the next two months, and the 
contract totals by the time the system 
is completed may reach $500 million 

Plan for the WS 433-L system was 
evolved by scientists at the Air Force 
Cambridge Research Center to modern- 
ize and expand present methods of han- 


Teac hed 


dling weather information to 
demands by jet aircraft and 
that require weather data processed fat 
more rapidly than can be done at pres 
ent. Additionally, the number of 
weather observations that must be proc 
essed is increasing at a rapid rate 

One of the early phases of the WS 
433-L program will consist of setting 
up a test network of nine stations ex- 
tending from Boston, Mass., to Norfolk, 
Va These stations, located at Ai 
Force, Navy, and civilian airbases and 
airports, will provide an East Coast test 
sector where equipment and techniques 
will be checked in operation as they are 
developed 

Observations from all nine 
will be sent to a “weather 
where synoptic (large area) 
charts will be prepared at intervals as 
short as an hour apart. This weather 
central will be the forerunner of a na 
tional weather central that will func 
tion with the completed. national 
weather system. 


stations 
central” 
weather 


System Development 


Radar meteorology as a field of scien- 
tific study is comparatively young, dat- 


ing back to World War II when micro- 
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TWO METHODS of combining radar weather observations with surface syuoptic analyses are shown above. Presentation at left shows a plotted 
and analyzed surface chart upon which the radar plan position indicator displays have been superimposed so the location of precipitation 
echoes is shown with respect to the frontal systems. In the presentation at right, there are no regular weather observations included, but 
the motion of the precipitation echoes is obtained from a series of observations shown by means of vectors placed at the proper posi- 
tions. Direction and speed of elements of the storm echoes are shown. 


Network 


wave radars first detected echoes from 
precipitating clouds. Since then, a wide 
variety of atmospheric phenomena has 
been identified on radar displays: tor 
nadoes, echoes from lightning strikes, 
hail, snow, and freezing rain. 


Phenomenon of Echoes 


More recently, the interesting phe 
nomenon of echoes received from clear 
air has been identified and studied 
Some of these echoes appear to be pro 
duced by masses of birds and insects, 
but the majority are believed to be as 
sociated with strong temperature or wa 
ter vapor gradients occurring at wind 
shift lines, dry fronts, and thermals. 

At present, radar weather stations of 
the Weather Bureau, Air Force and 
Navy are used primarily for local opera- 
tions and forecasts. Hourly reports are 
sent by teletype to other regional sta 
tions, but no provisions exist at this 
time for assembling and plotting simul- 
taneous observations from widely spaced 
stations. 

Complete radar coverage of the U.S 
—except for western mountain 
areas not considered essential—will re 
quire an estimated 100 stations. As a 
beginning, the Air Force is presently 


some 
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completing installation of 28 AN 
CPS-9 weather radars, and the Weather 
Bureau has procured about 30 WSR-57 
weather radars scheduled for delivery in 
1959-60. About five similar radars will 
be delivered to the Navy 

Practically all phases of radar meteor- 
ology are under study at present; much 
of this work either is sponsored by or 
conducted by the Air Force. Scientists 
of the Geophysics Research Directorate 
Air Force Cambridge Research Center, 
have concentrated on problems of 
cloud physics, using radar observations 
to explore the manner in which precipi 
tation forms 

Part of this work has included a broad 
study of identification of severe storms 
One result of this study has been the 
discovery that radar reflectivity of a 
storm at about the 20,000 ft. level pro 
vides an excellent indicator of the 
storm’s severity. 


Additional Studies 


Other study programs include 
e MIT Radiation Laboratory. Scientists 
at this laboratory have looked into the 
possible producers of radar echoes in 
clear air. One possible source they ex 
amined was that produced by strong 
local changes of dielectric gradient. A 
theory was worked out to indicate how 
strong the gradient would have to be 


research 
struc 


for a given wavelength. Basic 
ilso has been conducted on the 
ture and characteristics of storms 
@ McGill University. Work here has 
included both basic research on storm 
characteristics and development of what 
is called a constant altitude plan-posi 
tion indicator display. In this presenta 
tion, the 
tion angles and sections 


radar scans at different eleva 
if the scans are 
issembled to show condi 
between 9,000 and 11,000 ft. o 
10,000 ft. laver. T 


must be r or tw 


] 
rr cxampit 
fion 
it the 


data 


do this, radar 
to threc 
embled in a 


minutes before ing a 


ingle display so the study includes in 
estigation of storage techniques such 
is memory tubes and fast photograph 


e Stanford Research Institute. Research 





Reprints Available 


Reprints of Aviation Week's series on 


satellite optics will be 


available in approximately one month 


reconnaissance 
Copies will be billed at the following 
rates: 

1-10 copies, 40 cents each 

11-100 copies, 30 cents each, 

Over 100 copies, 20 cents each 

Orders should be addressed to Aviation 

Week, 330 West 42nd St., New York 
36, N. Y. 














AMPEX: 
turning point 
for tape 


Magnetic recording has reached 
the point where a better tape, by 
itself, can significantly improve 
the performance of your equip- 
ment. Anticipating this, Ampex 
has developed its Instrumenta- 
tion Tape to assure the highest 
capability that the state of the 
art requires. 


Precision tape reliability comes 
principally from the propesties 
of its coating. And Ampex com- 
bines oxide preparation and care- 
ful coating techniques with the 
exclusive Ferro-Sheen process to 
produce the smoothest, most co- 
hesive, most uniform of precision 
tapes. The result is measurably 
higher signal-to-noise ratios, and 
much less tape wear. 

This, with its squared-up hyster- 
esis curve, makes Ampex Instru- 
mentation Tape ideal for all re- 
cording systems: direct, FM-car- 
rier, PDM, and NRZ-digital. 
Ampex Instrumentation Tape is 
available on hubs, NAB-type or 
die-cast magnesium - alloy Preci- 
sion Reels. Widths of \%”", %” 
and 1” are standard on either 
Mylar* or acetate base, in the fol- 
lowing lengths, reel diameters, 
and base thicknesses: 


AMPEX STANDARD TAPE LENGTHS (feet) 


REEL BASE THICKNESS (mils) 
DIAMETER 1.0 1.5 





7 1800 1250 
103” 3600 2500 
14" 7200 5000 


*ou PONT TRADEMARK 


For complete specifications or 
additional tape literature, write 


AMPEX 
MAGNETIC TAPE 


934 CHARTER STREET, REOWOOD CITY, CALIF. 


here is centered about the uses of com 
posite radar pictures. Working with a 
complete film file, this work will aim to 
develop techniques for analysis of com- 
posite pictures, and suggesting ways in 
which the composites can be con- 
structed by machines or computers. 

e Texas A & M. One of the projects 
underway is a study of storage and read- 
out of radar information. A second is 
concemed with identification of severe 
storms by radar. One of the approaches 
being tried in storage and readout is 
presentation of a single radar PPI pic- 
ture on a television type display so that 
it can be viewed continuously in bright 
light. An elaboration of this system em 
ploys color television, so that radar pic- 
tures about 30 min apart are painted 
with different color guas—thereby pre- 
senting a display that indicates both 
motion and intensity 

¢ Others. Two specialized but intensive 
weather radar studies in progress are at 
the University of Miami, exploring hur- 
ricane detection, and the Illinois State 
Water Survey, measuring rainfall and 
other hydro-logic applications 


Composite Weather Maps 


\s part of the development of radar 
meteorology, researchers have assembled 
composite radarscope pictures showing 
weather echoes over hundreds of thou 
sands of square miles. These composite 
photographs are assembled from dozens 
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of simultaneously exposed pictures of 
radar plan position indicators showing 
storm conditions over large areas of the 
U. S. As a result, meteorologists have 
found that conventional synoptic 
weather analysis often fails to provide an 
accurate and comprehensive picture of 
the weather. Conventional synoptic 
maps are prepared on a nationwide 
basis every six hours. Local stations pre 
pare their own analysis every three 
hours. 

Radar displays, however, are continu 
ous and provide the forecaster with 
much of the information of maximum 
interest: time of formation and location 
of severe storms, storm velocity, storm 
height, and violence of conditions 
within the storm. These first studies of 
composite radar weather maps have in 
dicated the value of the technique and 
encourage the proposal for a national 
weather radar network. 

A major problem is the storage of 
data from a nationwide network because 
it must be acquired simultaneously 
across the country. It is not feasible for 


all stations to transmit their information 


to the weather central simultaneously 
more probably it will be sent sequen 
tially. Another problem is bandwidth 
the maximum amount of information 
must be transmitted in the shortest 
possible time 

There is much information in a radar 
picture that there would not be time to 


Ka 
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FOUR examples of radar precipitation echoes associated with tornadoes, confirmed by visual 
observation, taken during 1953-54. Two storms, in Bryan and College Station, Tex., were 
very mild, only slightly more than funnel clouds. Two tornadoes at Urbana, Ill, and 
Worcester, Mass., were severe. Hook of the echo is the distinctive feature relied upon as the 
possible tornado storm indicator for warnings in midwest. 
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LIGHTNING discharge with indicated length of over 100 mi. is shown on weather radar 
display. Radar echo from the discharge appears as branch-like structure in the upper left 
part of the scope, extending from the body of the storm toward the north. The discharge 
took place possibly at 20,000-30,000 ft. above the ground, and traveled through clouds of 


snow and ice following the snow and freezing rain. 


send. A quality picture would take sev- 
eral minutes to transmit, but the num- 
ber of stations dictates that the data 
must be transmitted in a few seconds 

Other problems are 
e@ Data recovery. The information must 
be recovered as it arrives at the weather 
central, and must be stored for immedi 
ate or later printout 
e Printout form. ‘The manner and form 
in which the printout will be made so 
that the data can be analyzed readily 
either by humans or computers must be 
carefully studied 
© Retransmittal. Once the data has 
been collected and analyzed at one cen 
tral point, the information must be 
retransmitted to local area forecasters in 
1 form that will be most useful to them 
for their won analvsis. This must be 
done at relatively high speeds 

One manner in which radar weather 
maps may be transmitted is in the form 
of halftone pictures, where a scale of 
different sized dots might indicate in 
formation or they may be in analog or 
symbolic form where different symbols 
will indicate different positions, heights 
ind characteristics of the storms 

Because radar observations essentiall\ 
ire continuous, they will be able to de 
tect storms as the storms develop This 
is important because storms can develop 
very rapidly, forming lines over one 
hundred miles long in less than 30 min 
Therefore, the radar gives a more ac- 
curate account of where the storm has 
developed, its extent, and how fast it is 


moving 
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FAA Orders Radar 
° Y 

Landing Systems 

Washington—Gilfillan Brothers Inc., 
Los Angeles, has been selected bv Fed- 
eral Aviation Agency to provide a new 
type ground-based radar system for ex- 
perimentation in semiautomatic and 
fully automatic landings. ‘The svstem, 
scheduled for delivery late this vear, will 
be installed at National Aviation Fa 
cilities Experimental Center (NAFEC) 
in Atlantic City, N. J 

The Gilfillan system, whose develop 
ment was originally sponsored by Air 
Force, offers several attractive 
¢ Flexible glide slope: Unlike ILS, the 
new Gilfillan provides essen 
tially an infinite 
possible approach angles, making it suit 
able for handling a wide variety of air 
craft types including helicopters 
© Direct cockpit data: Lightweight unit 
in the airplane can provide the pilot 
with direct indication of his azimuth 
and elevation position as well as di 
tance from the runway 
e Automatic flight control: ¢ 
rived signals can be fed into 


features 


system 
number of different 


ockpit de 
aut pilot 
to provide automatic approach and pos 
sibly landing, if desired 

Under the $381,446 contract 
by FAA’s Bureau of Research and De 
velopment, Gilfillan will supply exper 
mental equipment providing only ek 


I quip 


iv ird 


vation position and distance 
ment will be used to evaluate feasibility 


of the Gilfillan approach 


Rough forging 
TS a Pa a 


Rough machined forging 


zg Finish lathe and mill 


Completed rotor 


PRODUCTABILITY 


New, highly-advanced techniques developed 
by Houston Fearless make possible substan 
tial savings in time and cost in precision 
machining of extremely hard, high-tempera 
ture alloys such as Discaloy, Hastaloy, Udi 
met 500, René 41, Waspaloy, Inconnel X 
and 700. Research and development work 
invited. Submit drawings for help on your 
specific problem 


= HOUSTON 
-. FEARLESS 


11819 W. Olympic Blod 
Los Angeles 64, Calif. « BR 2-4331 


INDUCERS + EXDUCERS + SPECIAL WELOMENTS. 
ROTORS + NOZZLES + IMPELLERS . STAINLESS TANKS 
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AERONAUTICAL ENGINEERING 
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DOUGLAS RB-66A flying testbed touches down at Washington, D. C., after 3 hr. 36 min. nonstop flight from Ontario, Calif., using Gen- 
eral Electric CJ805-3 turbojet powerplants. Aerial refueling was not necessary on the 2,295 mi. trip; airspeed averaged 670 mph. 





Takeoff weight was 70,000 Ib., including 30,000 Ib. of fuel. 
with exception of sound suppressor and thrust reversers. 


Davis, B-66 project test pilot. 


CJ805-3 Has 


By Richard Sweeney 


Edwards AFB—General Electric 
CJ805-3 turbojet engines, which power 
the Convair 880 jet transport, effectively 
demonstrated their qualities in Avta- 
rion Weex flight evaluation here, in 
stalled in the Douglas RB-66A which 
they recently propelled from Ontario, 
Calif., to Washington, D. C., in 3 hr. 
36 min. (AW Jan. 26, p. 47). 

Characteristics of the civil counter- 
part of the military J79, as noted by 
Aviation Weex pilot while flying the 
Douglas airframe testbed, were high- 
lighted by 
¢ Acceleration from idle to full power 
at rates which place this engine in the 
same response category as a piston en- 
gine-propeller or the Allison 501D-13 
power packages. Response rate is sub- 
stantially faster than other turbojets 
this pilot has flown in various military 
and commercial jet aircraft. 

e Simple and reliable air start which, 
in addition to satisfactory performance 
within the normal air start envelope, 
worked satisfactorily at several points 
well outside the normal envelope 

e Fuel economy which, although flows 
were read from uncalibrated gages, ap 
peared sufficiently better than other 
turbojets of the same class. 

In trying to get an accurate perspec- 
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Powerplants are identical to those used on Convair 880 jet transports, 
Pilots were R. J. Scoles, General Electric’s chief test pilot, and L. W. 


Rapid Acceleration Rate 


tive of engine performance and relate 
it properly to other powerplants, a num- 
ber of elementary factors were 
ered which are re-emphasized here due 
to the margins of difference which were 
observed in flight evaluation, between 
CJ805-3 and other 10,000 Ib. thrust 
class jet engines. 

rurbojets are not supposed to have 
the same propulsive efficiency at low 
speeds and altitudes as _ propellers 
(driven by reciprocating or turbine 
engines). 


Thrust/Weight Ratio 


lhrust/weight ratio of testbed, aero- 
dvnamic characteristics of the airframe, 
the airframe-propulsion svstem dynam- 
ics all contribute to the over-all impres- 
sions given by the flight test vehicle 

lestbed is first RB-66A_ built by 
Douglas Aircraft, was used in USAF 
Phase II flight test at Edwards and is 
leased by General Electric for the 
strictly commercial CJ805-3 program, 
rather than bailed. 

Besides removal of combat 
gear, the aircraft was modified for the 
CJ805-3 program in two ways—produc- 
tion engines, in pods designed and built 
bv Convair which are almost identical 
in inlet configuration to 880 pods, are 
installed; the electrical svstem was 
changed to incorporate the General 


consid- 


much 


Electric constant speed drives and alter- 
nators which are featured on the 880 
(AW Sept. 8, 1957, p. 50). Thus the 
testbed incorporates powerplants and 
primary electrical system components 
which will be used on the commercial 
transport. 

The RB-66A is basically a non-instru 
mented testbed and is intended for 
flying in a generalized program similar 
to endurance work which Lockheed 
Aircraft accomplished with Electra 
power packages in Elation (AW Oct 
14, 1957, p. 93), and Allison “Opera- 
tion Hourglass.” 

The testbed does not incorporate 
the General Electric sound suppressors 
with which the 880 now is equipped 
and carried on first flight, nor are thrust 
reversers installed. 

['wo flights were made in the Avia 
rion WEEK evaluation program, with 
the main effort directed toward 
pling the CJ805-3 features which have 
gained widest attention, primarily accel- 
eration and air relights, plus fuel con- 
sumption, although accurate fuel con 
sumption measurement at the various 
altitudes was precluded by the lack of 
proper instrumentation that was noted 
earlier. 

In the acceleration regimes, 
throttle displacements, at varying rates, 
were made at a number of altitudes, 


Sam- 


various 
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OPPORTUNITIES FOR ENGINEERS... . 


In Communications and Navigation 


A chance to own a share in America’s future security. 


Communication and Navigation 
Systems — Equipment design 
engineers at all levels required 
for research and development. 
Telemetry and Guidance — Design 
experience on components and 
sub-systems in advanced mili- 
tary equipment for drone and 
weapon control. 

Air Traffic Control — Experience 
with systems comprising radar 
search, computers, display and 
vehicle command. System syn- 


thesis, analysis and equipment 
development experience needed. 
Radar Surveillance — System and 
equipment design experience 
in high power heavy ground 
radar installations necessary. 
Acquaintance with associated 
data handling, computers and 
decision equipment required. 


Technical Writing — Maintenance 
manuals, instruction books, 
progress reports, technical 
proposals and presentations. 


Correspondence regarding these positions should be addressed to 


Director, Scientific and Technical Personnel 


CROSLEY DIVISION — AVCO G52 


1329-D Arlington Street, Cincinnati 25, Ohio 











PROTECT AGAINST 
CORONA, HEAT 
AND ALTITUDE . 


AMP’s new Post Insulated Stratotherm 
Terminals and Splices are designed 

for gruelling circuit environments 
“upstairs."" Post Insulated Stratotherm 
overcomes difficult heat and high altitude 
problems confronting aircraft and 
missile enginering . . . combine the 
outstanding electrical performance of 
compression crimping with the new 
insulating qualities of sealed Tefion 
sleeves which deter corona effects 

and moisture entrapment in a wide 
temperature range. 


OUTSTANDING FEATURES: 


temperatures as high as 500°F 


fits varying insulation diameters in a 
wire size range from #22 through 
#10 AWG 


crimped insulation ring seals 
termination point against corona and 
moisture 


high flex and impact strength 
crimp attachment by either A-MP 


portable power tool or manually operated 
A-MP hand tool 


* Du Pont Trademark 


Complete technical data available on request. 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


Canada « England « France « Holland « Japan 


A-MP products and engineering assistance are available through subsidiary companies in 
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CJ805-3 engine pods are similar to those on the Convair 880 turbojet transport. Builtup portion at top is testbed beefup. 


especially at high and low altitudes 
Additionally, air starts were run through 
at altitudes from 13,500 ft. to 41,500 ft 

Additional acceleration examples were 
obtained in ILS missed approach runs 
at Oxnard Air Force Base. 

CJ805-3 acceleration in takeoff posi 
tion showed thrust rise to be virtually 
simultaneous with rapid throttle appli 
ation lestbed limitations preclude 
full power at a standstill, instead power 
is stabilized at 93% rpm., roll is started 
ind full ipplied after speed is 
gained 


Thrust Buildup 


In adding the last 
power, thrust buildup was simultaneous 
with throttle movement. In the first 
ind second segment climb, 100% rpm 
for full 5 min. allowable period was 
maintained. ‘Takeoff was dry—neither 
J79 nor CJ805 are designed for water 
injection. 

ILS approaches were made with gear 
down, flaps at approach (60%) and 
speed brakes extended, with full flap 
extended just prior to reaching the 
middle marker. Airspeed was at recom 
mended value for existing gross weight. 
The first approach was made with alti- 
tude held above the glide slope until 


powe! 


increment of 


close in, giving a steeper descent and 
faster rate of descent than would norm- 
illy obtain, while the second approach 
was held to the proper glide slope angle. 
In both approaches, aircraft was flown 
somewhat beyond the usual simulated 
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ILS waveoff minimum, to ascertain en 
gine acceleration and _ thrust buildup 
relationship when power is applied for 
go-around late in an approach 
Full power was applied from 68‘ 

rpm., approximate best power level for 
RB-66A approach in 
tion, and acceleration was simultaneous 
with rapid throttle 
lestbed acceleration was fast enough 


existing configura 


very movement 
that despite immediate gear retraction, 
the speed built up too fast for wheel 
doors to complete their closure cyclk 
properly, even with speed brakes 1 
maining extended 

A standard airline 
profile was followed rather than a high 
pullup which would have held 
lestbed was: at light 
order of 46,000 
gave a ver thrust 


missed approach 


angle 
the speed down 
gross weight—on the 
lb., which 
weight ratio 


oon vl 


Engine Performance 


through both 
waveoffs was satisfactor The testbed 
accelerated swiftly from an _ airspeed 
bordering on V, plus 10 kt. with a high 
ingle of attack, completel 
hguration, 
that reaction is almost equal to a pro 
peller propulsion systems 

hrottles were 
forward and gencrall\ 
usual 


Engine performance 


dirty con 


giving rise to the opinion 


chopped, slammed 


severely abused 
according to handling 
standards. No 
stalls resulted from the sampling, don 


at various altitudes and airspeeds 


engine 


surges Or Compressor 


Air starts with CJ805-3 are 
plished very simply in three operation 
turn on fuel boost start 
(ignition) switch and fuel control. En 


accolm 
pump, ir 


gines come from windmill to idle swift! 
and smoothly 

Starts were 
normal restart 


in flight evaluation 
altitude and 
lirspeed In ill cam 


relighted 


made 
ibove the 
below normal 
the powerplant 


regardless ot windmill peed down t 


suUICCE ssfulls 


peed i low al LU 


peed at restart initia 
500 ft 


2) rpm, Or ail 
} | " . 
kt., indicated ai 
iltitude of 41, 


fion im one cas 


Single Engine Test 


In the testbed, altitude could not 
maintained on one 
ge weight of 48,000 to $2,000 lb. at 
which several high altitude starts wer 


In these cases, after th 
le 


engine at the aver 


iccomplished 
had windmilled down to b 
30 rpm.., the altitude had slipped t 
about 37,500 ft. at which time a relight 
was fully accomplished and the engin 
was returned to the flight power setting 

On iccomplished it 40 
000 ft. with ignition and relight im 
tiated at 40 rpm. at 186 kt. LAS 
Mach .58), a somewhat low speed for 
the altitude Little altitude was lost 
engine was not allowed t 


spin down to low speeds, a tim 


cngin¢ 


urstart Wa 


since the 


uming proce 

Both engines were 
ft. at 40% and 41 rpm 
t Mach .55), with fuel 
oming to 525 Ib. /hr.. the 


relighted at 35,00 
. both at 18! 
flow on on 


other to 500 
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Conversion and Modification + Custom Interiors + Electrical and Instrument + Radio and Electronics + Engineering Service * Turn-Around Service 
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Converting DC-GAs Into Cargo-Passenger Airliners 


AiResearch Aviation Service modifies to specific airline requirements 


The cargo-passenger convertible DC-6A allows 
a change from full passenger to cargo-passenger 
configuration on three hours’ notice, and full 
passenger to full cargo changeover in 24 hours. 
Literally three airplanes in one, it assures oper- 
ators the best use of present equipment. 

Modifications include installation of seats 
on tracks...galleys and bulkheads designed 
for quick and easy removal ... passenger lava- 
tories and water systems. 

Other major modifications for DC-6 and 
DC-7 aircraft include: 


¢ Conversion from first class to tourist seating, 
or combinations of the two separated by a mov- 


able bulkhead. 


THE 


* Radar installation including design of system 
and addition of radar nose... also radio, navi- 
gation and other communication and electrical 
systems. 

¢ Extended range and increased gross weight 
of DC-6B. 

* Performance of any required Douglas Serv- 
ice Bulletins. 

Modifications have been performed for lead- 
ing airlines including American, Canadian 
Pacific, Pan American, Japan, Hawaiian, Swiss- 
air, Sabena and others. AiResearch’s more than 
150,000 square feet of floor space represent 
the finest conversion, modification and serv- 
icing facilities available. 


Your inquiries are invited. 


CORPORATION 


AiResearch Aviation Service Division 


International Airport, Los Angeles, Calif. * Telephone: ORegon 8-6161 





lb./hr., and exhaust gas temperature 
(EGT) held at 450C and 460C. 

In almost all cases, fuel flows at re- 
start idle speeds remained within plus 
or minus 25 lb. of the 500 Ib./hr. value, 
and EGT peaks at relight stayed be- 
tween 450C and 500C, although the 
majority were at the level of 450 to 
460C. 

A component of the CJ805-3 which 
gets much credit for engine’s perform- 
ance is the Woodward fuel control. 
Among the features of this control is 
a capability of the engine to be re- 
started with the throttle set at any po- 
sition from idle to full thrust at any 
altitude or airspeed. 

One such start was demonstrated, in 
which the throttle was left at full open 
position when the fuel was shut off. To 
lessen thermal shock which would have 
been incurred if the engine had been 
allowed to cool completely during the 
time period required for windmill down 
to about 20% rpm., the engine was 
restarted at about 40% rpm. Relight 
was normal and the engine moved to 
idle rpm. of about 65% (proper for 
the altitude) where acceleration fuel 
flow schedule came in and engine 
quickly and smoothly moved to 98% 
rpm. which was full throttle value for 
the altitude. There was no overspeed 
or hunting. 

Several similar examples were accom- 
plished by the Aviation Weex pilot, 
with throttles set at 92% rpm. at 15,- 
000 ft. In several such situations, in 
which engines were allowed to idle 
down to about 21% rpm. at airspeeds at 
186 to 192 kt. IAS (Mach .382), re- 
light was accomplished satisfactorily. At 
the lower altitudes and less than maxi 
mum power settings, thermal shock was 
not as severe as would have obtained 
at higher altitudes and lower tempera- 
tures, since outside air temperature at 
the time registered zero Centigrade 

In the Woodward controls, a cor 
rected speed cutback is incorporated 
which prevents compressor stalls and 
engine surges which might easily be 
obtained with inadvertent throttle 
bursts and high throttle setting air 
restarts. 

Examples of these were done in 
AvIATION WEEK flight evaluation. 

This feature uses four control pa- 
rameters, compressor discharge pressure, 
compressor inlet temperature, actual 
rpm. and throttle position. The unit, 
essentially an anticipator, functioned to 
start reducing fuel flow to prevent over- 
shoot and hunting as the rpm. ap- 
proaches the value called for by the 
throttle setting. It works in reverse 
on a throttle chop—preventing stall 
from sudden fuel starvation condition. 

As is any turbojet, the CJ805-3 is 
designed for a certain mass air flow, 
which is subject to change according 
to altitude and temperature. To ob- 
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First Grumman Mohawk Nears Completion 
First Grumman Mohawk turboprop Army observation plane is nearly completed on Grum 
man’s production line at Bethpage, N. Y. Army will spend $22 million for 35 Mohawks, 
as follow-on to a contract awarded last April for construction of nine prototypes which will 
be tested and evaluated by Navy Bureau of Aeronautics. Navy is administering Mohawk 
contracts for the Army. Short takeoff and landing aircraft, designed to operate from small, 
unimproved fields, is powered by two Lycoming 153-L-3 turboprop engines, each rated at 
1,005 eshp. Mohawk has tricycle landing gear; weighs 9,000 Ib. empty and has wingspan 


of 42 ft. Over-all length is 41 ft. 


tain desired mass air flow, or as close 
to it as possible, the engine incorporates 
a corrected engine speed feature, an 
automatic compensation for altitude 
and temperature changes. 

The unit works to provide the value 
of flow which would be the proper 
level at the selected rpm. (throttle set- 
ting) and altitude on a standard day 
When temperature is below normal, the 
actual engine rpm. drops since proper 
air mass flow is obtained with less en- 
gine speed. On a hot day, actual en- 


gine speed is greater to make up for the 
air and still provide the 
proper or best obtainable mass air flow. 


lc SS de nse 


Optimum Mass Flow 


Readout on the 
panel is the proper hypothetical engine 
speed for the altitude and temperature, 
although actual rpm higher 
lor example, on a hot day at 37,000 ft., 
the instrument panel tachometer may 
read 96% rpm. while the actual engine 
speed is 104% rpm., maximum limit 
speed for the engine. This will pro- 
duce the optimum mass flow, either 
the value desired or the closest possible 
for the altitude and temperature 

Ihe CJ805-3 is essentially a J79-7 
powerplant, (AW Aug. I1, p. 69), the 
Phase II development stage. However, 
it has no afterburner, but th« 
is absorbed in other areas in beefing up 
the engine’s structure for longer service 
periods between overhauls for commer- 
cial certification. One area of difference 
is that while the J79-7 uses magtho 
rium in part of compressor case, the 
CJ805-3 uses a steel case. There is ad- 
ditional structural reinforcement m 
areas where longer service life will 
mean reduced maintenance cost, where 


pilot’s instrument 


may be 


weight 


Army designation will be AO-1AF. 


weight is not the same criterion it 1 
in a military powe rplant 

Ihe current CJ$05 program got un 
der wav about a vear ago when th 
airplane was leased and then went into 
Scheduled to 
its first flight 


made at 


the modification cvck 

fly in October of last veat 
on the modified testbed 
1:30 p.m. Oct. 31 

quick hours of shakedown, the testbed 
was delivered to Douglas Aircraft at 
Long Beach for shake test. It wa 
returned to General Electric in Decem 


was 


Following it 


ber 
General Electric is tailoring the Ed 
wards AFB flight program to provid 
possible of au 
Flight 


conferences 


as close a simulation a 


schedules scheduk 
outlined after 
tirline operators who have purchased 
the Convair 880 with C]805-3s 

While one engin RB-66A 1 
partially instrumented, a full 
mented CJ805-3 is installed in the 
Douglas XF4D which General Electric 
operates as a testbed. Enginecring test 
data is derived from this aircraft 
uses an oscillograph and photo panel 
data gathering CJ805-3 first 
flew last April in the Skyra flew 100 
hr. in 34 weeks, then went to Convair 
for ground runs and testing there. An 
other CJ805-3 was installed in the 
XF4D last September 

In the RB-66A, current engines have 
accumulated quite a few hours. How 
over, about Mar. 1, an engine will be in 
stalled which already has been run 
1,000 hr. on test stand at General Ele« 
tric plant in Evendale, O. This power 
plant will be run another 1,000 hr. in 
the RB-66A, it is hoped by October of 
this year. 


Goal of 


line type 


were with 


in the 
instru 


which 


tt tl 


this program is to rais¢ 
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DARNELL 


B> CASTERS AND WHEELS ~d@ 


RUBBER TREADS . a wide choice of 
treads suited to all types of floors, includ- 
ing Darnelloprene oil, water and chemical- 
resistant treads, make Darnell Casters and 
Wheels highly adapted to rough usage. 

RUST-PROOFED . by zinc plating, 
Darnell Casters give longer, care-free life 


wherever water, steam and corroding chem- 
icals are freely used. 


LUBRICATION . all swivel and wheel 
bearings are factory pecked with a high 
quality grease that “stands up” under at- 
tack by heat and water. Zerk fittings are 
provided for quick grease-gun lubrication. 


STRING GUARDS Even though stving 
and ravelings may wind around the hub, 
these string guards insure easy rolling at 
all times. 


Consult the Yellow Pages 


under “Casters” 


OW NEY 








time between overhauls to 1,000 hr. for 
the engine, if possible before the power- 
plants enter commercial service. Addi- 
tionally, it will give General Electric a 
good idea of the problems to be en- 
countered through service life of en- 
gines after they have passed the first 
1,000 hr. mark. 

Testbed also is to be equipped with 
the same engine gages which will be 
used on the production 880s, to get 
an idea of compatibility of powerplants 
and instrumentation. 

So far the testbed has been flown 
by General Electric and Convair pilots, 
plus Aviation Weex pilot. Don Ger- 
meraad, 880 test pilot, flew the test- 
bed before the first 880 flight, sampling 
engine performance, air starting charac- 
teristics and possible compressor stall at 
altitude. 

Convair will be sending pilots to the 
General Electric Edwards facilitv, two 
at a time, during the remainder of the 
program both to help with the flying 
and to gain familiarity with the power- 
plants and electrical system compo- 
nents. 


Napier Inaugurates 
. ~ . . 

Canadian Subsidiary 

London—British aircraft and diesel 
engine maker D. Napier and Son Ltd., 
part of the English Electric group of 
companies, has formed a Canadian 
subsidiary, D. Napier and Son (Canada) 
Ltd. to increase trade with Canada. 

New subsidiary will sell, overhaul and 
service all Napier engines including the 
“Deltic’” diesel, marine and industrial 
gas turbines, and the Eland turbojet 
engine which is installed in the mili- 
tarv and civil versions of the Canadair 
540 aircraft. Company also will handle 
conversion of piston-engined Convair 
440 airliners to Eland engines, civil and 
military applications of helicopter gas 
turbines, rocket engines and the “‘Spray- 
mat” aircraft de-icing system. Head- 
quarters of the new company is at 4104 
St. Catherine St. West, Montreal. 


Ministry Airplanes 
Get Fluorescent Paint 


London—Britain’s Ministry of Trans- 
port and Civil Aviation is painting fluor- 
escent orange markings on its fleet of 
15 aircraft used for testing pilots and 
equipment. It is hoped to persuade 
airline operators to do likewise, as an 
aid against midair collisions. 

Independent airline Hunting Clan 
Ltd. has announced it will paint its 
fleet of 17 aircraft fluorescent “rocket 
red.” British Overseas Airways Corp 
says it is “examining possibilities” of 
using this paint on its fleet. 


Jet Plane Facilities 
Readied at Seattle 


Seattle, Wash.—An addition to th« 
administration building at the Seattle 
Tacoma International Airport should be 
ready for use in April, according to 
George T. Treadwell, chief engineer for 
the Port of Seattle, airport operators 

A 500-ft. long wing will provide ad 
ditional passenger-deplaning and _ gate 
facilities, with three positions for jet 
planes and one for piston-engined trans 
ports. A 270-ft. vehicle parking lot in 
front of the wing is designed to relieve 
congestion in existing lots. 


British Companies 


Form Nuclear Group 


British 
panies, Rolls-Royce, Vickers, and Foster 
Wheeler, have formed a new company 


com 


London—Three major 


Rolls-Royce and Associates, to design 
and build nuclear power equipment 

All three already are collaborating on 
developing a nuclear submarine. 

New company plans to be active in 
every field of nuclear power, including 
nuclear propulsion of aircraft, rockets, 
ships and automobiles, officials said 

Rolls-Rovce holds 52% of the $700, 
000 initial capital. 





® Design ® Research 


craft and missiles. 





ENGINEE 


® Development 
® Electrical Controls 
Projects include constant speed drives, 


hydraulic motors, pumps and other com- 
ponents for commercial and military air- 


Send Resume and Technical Background Data to: 


SUNDSTRAND Personnel, Dept. A, 1401-23rd Ave., Rockford, Ill. 


SUNDSTRAND AVIATION 


® Gearing ® Bearings 
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Navy Revises Security Plan to Cut Costs 


By Philip J. Klass 


Washington—Fundamentally new se- 
curity classification policy has been es- 
tablished by the Navy Bureau of Aero- 
nautics in an effort to strip away red 
tape that has hamstrung both BuAer 
and its contractors and added unneces- 
sary cost to defense procurement. 

New security classification _ policy, 
which has been tried out with about a 
dozen contractors, will go into effect for 
all of BuAer’s 10,000 contractors within 
the near future, probably within the 
next several months. 

Bureau of Aeronautics’ new policy 
operates within the framework of De- 
fense Department’s Security Require- 
ments Check List (DD Form 254), de- 
vised in 1952 as a means of advising 
defense contractors what security clas- 
sification should be applied to various 
phases of a program. Within this frame- 
work, however, BuAer has applied a new 
“common-sense” philosophy to what 
should or should not be classified. 

The new security classification cri- 
teria will result in the downgrading and 
declassification of many items now un- 
der contract or in fleet use. However, 
BuAer expects that the net result will 
be a major improvement in the safe- 
guarding of vital military information. 
One Bureau of Aeronautics spokesman 
puts it this way: “By eliminating the 
trivia which we and the contractor 
know is not justifiably classified, we ex- 
pect to gain more respect for real se- 
curity information and better protection 
tor what needs to be kept secret.” 


Planned Achievements 


In addition, when the new policy is 
fully implemented, BuAer expects to 
e Save sizable portion of money now 
spent for special handling and guarding 
of equipment, components, drawings 
and report which in themselves are not 
of value to an enemy. 
e Provide realistic guidelines that will 
enable local Navy plant representa 
tives and contractors to quickly deter- 
mine the proper security classification 
for any piece of equipment, hardware 
or literature. 
e Simplify subcontracting of defense 
work, particularly to small business, by 
eliminating the need for manufacturing 
non-critical devices and subsvstems in 
a guarded classified area with all the 
attendant constraints. 

rhe basic philosophy behind BuAcr’s 
new program is that the object of 
security classification should be to with- 
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hold military information of value to 
an enemy and that such things as con- 
figuration, equipment design, drawings, 
models and reports should be classified 
only to serve this purpose as opposed 
to the cornerstone of security classifica- 
tion philosophy in some circles that any 
details must somehow be of a value to 
an enemy. 

For example, in the past when a 
contract was placed for development of 
a new radar, the entire equipment and 
its elements usually were classified de- 
spite the fact that many of its com- 
ponent parts might be commercially 
available on an unclassified basis and 
many of its techniques might be well 
known. 

From the enemy’s viewpoint, what he 
wants to know about a new radar in or- 
der to jam it is its operating frequency, 
its ability to rapidly change frequency, 
its pulse encoding techniques and its 
vulnerability to electronic countermeas 
ures. This is the type of information 
that the bureau proposes to classify 
not the dimensions of the box the radar 
indictor is housed in or the finish on the 
threads of the bolts in the antenna 
pedestal. 


Classification Criteria 


Instead of instructing a contractor 
that all drawings of test equipment, or 
details 


secret” 


all external views or all design 


are classified “confidential” o1 
as in the past, each item will have its 
own individual classification, including 
“unclassified,” depending upon whether 
or not it reveals military performance ot 
operating characteristics of value to an 
enem\ 

BuAer has added a fifth page to the 
standard DD-254 security check list in 
which it lists 20 different types of sig 
nificant military performance operating 
characteristics information, on¢ 
of which may be applicable to any spc 
cific contract. For each of these types 
of information, BuAer assigns a classifi 
ranging from “top sec 


or more 


cation category 
ret” to “unclassified.” 

I'vpes of information which 
primarily to aircraft and missiles 
on-station time, speed limits and 1 
strictions, altitude limitation: 
limitations, maneuverabilitv, armament 
installation and accuracy. For 
plant programs, categories 
specific thrust, specific fuel consump 
tion. 

I'ypes of informatior listed for avi- 
onic equipment include effectiveness of 
countermeasures, vulnerability to coun- 


ipphy 


include 
range 


power- 
include 


termeasures, maximum depth above or 
below water for satisfactory operation, 
sensitivity, speed of computation, cod 
ing, specific frequency, bandwidth and 
frequency shifting capability Final 
item listed is tactical application. Other 
special listings can be typed in as 1 
quired for special situations 

Bureau of Acronautics has formulated 
uniform criteria for establishing what 
classification should be applied to each 
tvpe of airplane, missile, helicopter and 
avionic equipment, depending upon the 
particular stage in its life cycle, i.e. de 
velopment through fleet use and finally 


obsolescence 


Typical Application 

Using the example of a 
search radar, both the general frequency 
band (i.e. X-band, L-band, etc and 
the specific operating frequency within 
that band would be classified “‘confiden 
tial” during development and experi 
mental model fabrication. But when th« 
equipment is ready for flight testing, the 
general frequency band becomes unclas 
sified, but the specific frequency within 
this band remains “confidential.” This 
is d practical viewpoint inasmuch as the 


previous 


size of radar waveguide, which mav be 
seen by many persons during flight tests 
reveals the frequency band but not the 
specific frequency in that 
band 


I his means, for exampl 


operating 


that during 
when same classification 


radar sect manufacturer 


production 
ipply), the need 
pot classify the 


or test equipment for 


di iwings 


waveguides sinc 


specincations 


their size, configuration and character 


tics do not reveal the specifi operating 
frequency, only the general band, which 
is unclassified 
Similarly, the 
also might be handled on an 
hed basis throughout design 
ture and test, except possibly for th 
informa 


radar di play consol 
uncla 


manufac 


nameplates which mav reveal 


tion on the radar’s range and anti-coun 


termeasures capability 
As result of this new 
of the components of a new 


BuAer polic 


many 
tem can be shipped without the clab 
that formerly r 


irmed 


rate security measure 


quired a sealed boxcar and/or 
guards 
Applying the 
new Navy airplane recently saved th 
bureau close to half a dollar 
When the aircraft was ready to be rolle« 
out of the contractor's factory, the ai 
frame configuration was still classified 


Ihe contractor therefore requested ap 


new 


philosophy to 


] 
million 
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WHAT. S 
YOU 


PROBLEM? 


Shown above are a few of the many tough con- 
nector problems that have been presented to 
Cole Electric Co. in recent months. Thanks to 
the versatility and adaptability of revolutionary 
new Cole self-aligning connector pins and their 
operability under extreme conditions, all of these 
problems are being solved. Special Cole Con- 
nectors have been developed to meet difficult 
environmental and operational requirements for 
aircraft, missiles, ground support, computers, 
nuclear, electronic and electrical equipment. 


Whatever your connector problem might be, a 


special Cole Self-Aligning Connector may provide 


the practical solution. Our complete research and 
development facilities are at your disposal. Write 
or phone today, 


Cole ELECTRIC CO. 


8439 Steller Dr., Culver City, Calif. « TE 0-4701 


VIBRATION .. 





LOW TOOLING COST 





Coninecror: 


SELF-ALIGNING 1000 CONNECTIONS 
TEMPERATURE...—65°F to 1000°F 
PRODUCEABLE in large or small quantities 


RADIATION LEVEL... 7,000,000 Roentgens 
per hr 

LOW PRESSURES for insertion and extraction 

HUMIDITY...0% to 100% : 


ATMOSPHERE... air, water, salt water, 


jet fuel, exhaust gases, oil, hydraulic fluid 
PRESSURE...0 to 30 ps.i.a 
OPERABLE by mechanical manipulator 
.40 Gs 
POSITIVE LOCK-UP and trip-free disconnect 
EXPLOSION PROOF DEAD FRONT 
UENCE SWITCHING LIGHT WEIGHT 
ERMETICALLY SEALED TROUBLE FREE 
HIGH VOLTAGE 





Cole Type A16112 Connector developed 
for a major airframe manufacturer. Makes 
100 connections using 30 amp. Cole Self- 
Aligning pins. 5,000 volts R.M.S. Nylon 
receptacle has quick-acting, break-away 
hinge and positive lock. Insertion pres- 
sure for 100 pins is only 11 lbs.; with- 
drawal, 15 lbs. Tested to 40 Gs. Meas- 
ures only 4” x 4”, 


Other new Cole Connectors accommo- 
date 630 and 1000 circuits. Virtually any 
size or configuration of Cole Connector 
can be made. Five pin capacities: 7.5, 15, 
30, 75 and 300 amp. Highly specialized 
fittings in stainless, phenolics, fiber glass, 
nylon, ceramic or other materials, 














proximately $500,000 to build a struc- 
ture to shield the plane from public 
view. After looking into the matter, 
BuAer and the contractor agreed that 
the only significant feature which 
needed to be kept secret was the shape 
of the engine air inlets. This could be 
accomplished by building an inexpen- 
sive structure for masking the inlets at 
a cost of a few thousand dollars. 

With the new explicit, clear-cut de- 
lineation of what constitutes classified 
information, BuAcr expects to greatly 
reduce the hundreds of requests for in- 
terpretation which previously had to 
come to headquarters for a decision, ac- 
cording to Paul Kauffmann. Kauffmann 
is assistant to BuAer’s security director 
for classification. 

For instance, certain classified equip 
ment must cither be placed under 
24-hr. guard or else removed from an 
iirplane for security. Recently, the ques- 
tion came in from a Navv field facility: 
“When we pull out the equipment, 
must we also remove all of the airplane 
wiring which interconnects elements of 
the equipment?” Under the old policy, 
the cables might be considered part of 
the classified equipment. But under the 
new security guidelines, it onlv is neces- 
sarv to establish whether the cables 
could by themselves reveal specifically 
useful information about the classified 
equipment. 


Avionics Back-Breaker 


Instead of applving the new philoso- 
phy only to new contracts, BuAer de- 
cided to apply it to existing programs 
ind equipments now in fleet use. Tough 
est part of this retroactive analysis came 
in BuAer’s Avionics Division, where 
some 10,000 equipments and programs 
had to be reclassified using the newly 
established criteria. The program was 
spearheaded by William Gregory, work 
ing with Kauffmann’s office. Some of 
the equipments had been developed 
during World War II, still carried a 
security classification because no one 
had gotten around to declassifying 
them. Approximately 2,000 items were 
declassified, a number of others down 
graded. 

BuAer considered 
individual subassemblies and spare parts 
for existing cquipments in accordance 
with the new criteria but found the task 
too overwhelming, with more than 100, 
000 items that would have required 
detailed study 

Therefore, BuAer will establish se 
curity classification levels for subassem 
blies and spare parts only on future 
contracts. This will be done concur- 
rently with spare parts provisioning 
[ach contractor will be responsible for 
recommending security classification for 
individual spare parts, but recommenda 
tions will be reviewed bv the BuAer 
security director. Gregory believes that 


reclassification of 
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the bulk of the spare parts will be un 
classified. 

Within the next several months, the 
bureau expects to publish a new BuAer 
Classification Guide book which will 
list every one of its contracts and indi 
cate the new classification category 
which applies to cach. Once every six 
months each of the classified programs 
will be reviewed with the appropriate 


project engineer to establish whether 
any change in life-cycle category has 
taken place. If so, a new security cate 
gory will be listed in the next edition of 
the Classification Guide which will be 
published twice a year 

When the first new Classification 
Guide becomes available in the next 
several months, BuAer will then extend 
its new policy to all of its contractors 


AIRPORT REQUIREMENTS? 





Air General 
Commerce Aviation 
Airports* Airports” 


4,494,000 
5,139,000 
3,608,000 
41,997,000 
4,126,000 
4,900,000 
832,000 


$17,569,000 
17,215,000 
1,907,000 
158,997,000 
26,182,000 
7,603,000 
2,161,000 


2,183,000 
2,756,000 
1,088,000 
15,036,000 
6,595,000 
4,453,000 
5,316,000 
6,128,000 
14,670,000 
2,358,000 
6,830,000 
10,320,000 
3,263,000 
4,825,000 
5,963,000 
6,144,000 
1,516,000 
2,040,000 
190,000 
3,720,000 
2,086,000 
1,957,000 
5,031,000 
2,276,000 
12,374,000 
8,516,000 
5,254,000 
1,124,000 
14,613,000 
660,000 
2,789,000 
1,219,000 
6,450,000 
12,188,000 
1,048,000 
2,386,000 
11,519,000 
2,371,000 
3,950,000 
6,502,000 
1,448,000 


15,540,000 
19,825,000 
4,866,000 
77,779,000 
3,756,000 
4,855,000 
7,279,000 
17,657,000 
20,459,000 
7,459,000 
22,406,000 
32,166,000 
22,849,000 
18,464,000 
13,445,000 
19,686,000 
8,372,000 
13,721,000 
5,975,000 
9,319,000 
3,380,000 
3,094,000 
25,081,000 
12,036,000 
94,402,000 
26,969,000 
Okla. 16,680,000 
Ore. 8,535,000 
Pa. 66,151,000 
R. 1. 3,828,000 
S$. < 6,355,000 
Ss. D. 5,718,000 
Tenn. 12,660,000 
Tex. 30,375,000 
Utah 6,978,000 
vt. 2,283,000 
Va. 4,667,000 
Wash. 15,724,000 
W. Va. 6,911,000 
Wis. 16,630,000 
Wyo. 3,996,000 


N. Y. 
Ohio 


$276,251,000 
$1,327,000 
931,000 
873,000 


Sub Totals 
Alaska 
Hawaii 
P. R. 

Vv. 4 


$949,965,000 
$36,444,000 
18,959,000 
9,240,000 
5,705,000 
Sub Totals $70,348,000 $3,131,000 
Discretionary 
Funds 
$1,020,313,000 


Totals $279,382,000 


* From survey by Federal Aviation Agency 





Federal Aid 
Under 
Monroney 
Bill! 


Administra- 
tion 
Bill’ 


$6,619,755 
7,438,055 
5,311,590 
21,644,950 
7,562,545 
2,693,695 
514,430 
952,150 
6,743,865 
7,460,815 
5,501,970 
13,629,735 
6,750,845 
6,335,920 
6,984,585 
5,804,290 
6,021,410 
3,053,995 
3,477,105 
6,074,310 
13,098,870 
8,488,135 
5,352,090 
8,682,060 
9,161,965 
6,008,850 
6,547,475 
7,833,210 
4,797,065 
1,165,460 
6,188,195 
7,803,390 
20,632,675 
11,962,885 
6,661,570 
7,379,340 
15,058,530 
1,006,660 
4,296,555 
5,203,280 
6,320,700 
24,492,400 
5,698,605 
999,210 
6,357,285 
6,872,225 
3,761,460 
7,868,425 
5,975,415 


$1,675,816 
1,745,488 
1,316,689 
5,508,885 
1,803,467 
720,823 
134,325 
259,525 
1,689,461 
1,888,417 
1,292,891 
3,573,470 
1,750,483 
1,588,151 
1,700,461 
1,482,675 
1,519,157 
747,646 
917,788 
1,633,852 
3,332,038 
2,100,596 
1,339,750 
2,194,782 
2,133,058 
1,546,885 
1,510,960 
2,005,435 
1,132,685 
294,744 
1,667,390 
1,825,846 
5,493,402 
3,151,776 
1,643,084 
1,771,444 
3,992,660 
271,513 
1,094,322 
1,227,612 
1,618,928 
6,015,527 
1,343,145 
248,640 
1,628,703 
1,698,875 
965,810 
1,981,461 
1,386,325 


$22,063,000 
22,354,000 
5,515,000 
200,994,000 
30,308,000 
12,503,000 
2,993,000 


17,723,000 
22,581,000 
5,954,000 
92,815,000 
10,351,000 
9,308,000 
12,595,000 
23,785,000 
35,129,000 
9,817,000 
29,236,000 
42,486,000 
26,112,000 
23,289,000 
19,408,000 
25,830,000 
9,888,000 
15,761,000 
6,165,000 
13,039,000 
5,466,000 
5,051,000 
30,112,000 
14,312,000 
106,776,000 
35,485,000 
21,934,000 
9,659,000 
80,764,000 
4,488,000 
9,144,000 
6,937,000 
19,110,000 
42,563,000 
8,026,000 
4,669,000 
16,186,000 
18,095,000 
10,861,000 
23,132,000 
5,444,000 


$97,250,000 
$7,783,134 
2,750,000 
1,925,000 
825,000 


$356,250,000 
$11,250,000 
6,250,000 
5,000,000 
2,500,000 


$1,226,216,000 
$37,771,000 
19,890,000 
10,113,000 
5,705,000 
$13,283,134 


73,479,000 $25,000,000 


193,750,000 97,250,000 


$1,299,695,000 $575,000,000 $200,000,000 


| Computation by staff of Senate Commerce Committee 
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Jetliners on order will make real demands on petroleum 
suppliers. With fuel requirements increased four-fold by 
the huge commercial jets, will your supplier be able to 
provide proper service in the difficult years ahead? 
Twelve years ago, Esso pioneered and developed high- 
speed hydrant refueling. This speedier and safer method 
is now available at many major international airports 
o practical and efficient solution for the increased fuel 
capacities of today’s large piston-engined airliners and 


A good sign to fly with... Spi 


tomorrow's giant jetliners. Esso Aviation Turbo Oils 15 and 
35, developed a decade ago, are still the only synthetic 
lubricants approved for the engines of the world’s most 
advanced turbine airliners. 

Your experienced Esso airline representative and tech- 
nical service man will be glad to show you how Esso has 
prepared to meet your aircraft's unique fuel and lubrica- 
tion requirements. No matter how complex your problem, 


= 


AVIATION PRODUCTS 


Esso can serve you better. 








EQUIPMENT 





Fuel Unit Would Prevent Contamination 


Sewaren, N. J.—Long range goal of a 
research program underway at the Shell 
Oil Co.’s Aeroshell Turbine Fuel 
Equipment Laboratory here is a fail- 
safe unit that will automatically shut 
off the pump on a refueling wagon to 
prevent contaminated fuel from enter- 
ing sensitive turbine engines. 

‘his goal is admittedly a distant one; 
major reason for this is the extremely 
small size of the solid contaminants the 
fuel experts hope to stop. Five microns 
is tentatively set as the upper limit for 
admissible particles. A photoelectric 
beam, which was the basis of one at- 
tempt at a fail-safe unit, proved too 
crude to handle the problem. 

A more immediate objective is the 
development of a filter-separator that 
will remove contaminants sclectively. 
There is no filtering unit available to- 
day, Shell declares, that alters particle 
size distribution. A good filter may re- 
move 99% of the foreign particles from 
aviation fuel, but those that are left 
will range in size from 1 to 150 
microns. What is needed is a filter-sepa- 
rator which will take out all contami- 
nants above, sav, 10 microns without 


slowing the fuel pumping rate. This 
would be a significant step. Meanwhile, 
Shell and others are investigating sup- 
plemental, positive cut-off devices. 


Until now there have been no size 
limits set for solid contaminants. Both 
civilian and military requirements have 
been based on the government specifi- 
cation for oil filters, Mil-F-8508A, 
which simply required the removal of 
a percentage of all contaminants. This 
specification is presently being rewrit- 
ten and will probably include particle 
size limits based on the work now un- 
derway at Aeroshell Laboratory. 

Shell's interest in the problem stems 
from its position as an aviation fuel 
supplier, selling more than 35% of the 
iviation fuel purchased for commercial 
use. Legally, its responsibility stops 
when it pumps the fuel into the air 
terminal storage tanks. Actually, when 
something goes wrong, Shell declares, 
the fuel companies are the first to get 
blamed by the airlines. While Shell 
has no interest in making fueling equip- 
ment, it feels that it is forced to set 
standards for this equipment to pro- 
tect the interests of the company. 

The problem of turbine fuel con- 
tamination is fast assuming major pro- 
portions. Now less than 100 million 
gal./year, the demand for aviation tur- 
bine fuel by U.S. airlines is expected 
to jump to about 1,300,000,000 gal. 
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vear by 1962. Moreover, there are 
many facets to the problem. Most im- 
portant of these are the following: 
e Increased sensitivity of turbine en 
gines to moisture and foreign particles. 
Overseas, there have been instances 
where solid particles have blocked small 
passageways, resulting in the seizure of 
fuel pumps and stoppage of the engine. 
Less dangerous, but equally damaging 
and more common, are the cases where 
turbine fuel contamination causes pre 
mature failure of parts, requiring un 
scheduled repair and maintenance work 
So far, engine sensitivity hasn't really 
been a problem in the U.S., savs Shell, 
because The Rolls-Rovce Dart engines 
which power almost all the turboprop 
aircraft here are relatively simple. But 
the introduction of the pure turbojets, 
the company going to 
change this. 

e Gieater fuel consumption of the tur 
bine engines. Compared to the Doug 
las DC-7C which burns gasoline at the 
rate of 550 gal./hr., the Douglas DC-8 
and Boeing 707-320 jet transports con 
sume 2,300 gal./hr. of turbine fuel, 
while the smaller Boeing 707-120 burns 
about 1,800 gal./hr. This means that 
the chances for fuel contaminants to 
foul jet engines are three to four times 
as great as for piston engines 

e Slower settling rate of turbine fuels 


declares, is 


Settling is an excellent method of lower 
ing fuel contamination and is used, on 
the average, twice during the course of 
fuel transfer from supplier to aircraft 
once in the storage tanks at the sup- 
plier’s bulk depot and once in the stor- 
age tanks at the air terminal. At the 
same time, fuel handlers try to keep 
settling to a minimum; it takes time 
nd ties up costly fuel. And, with the 
higher turnover of turbine fuel, settling 
additional tank 
which, according to on 
estimate, average $18,000 for a unit 
of two 15,000-gal. tanks. Standard 
scttling time for aviation gasoline is 15 
min. per foot of storage depth. For 
‘viation kerosene, this will have to be 
lengthened to one hour/foot of depth 
to achieve comparable levels 

rhe solution to most of these prob 
lems, Shell believes, is the development 
of a filter separator which would remove 
all moisture and all solid contaminants 
above a certain size from turbine fuels 
without slowing down pumping opera 
tions or running into exorbitant costs 
Each full scale evaluation of new filter 
Aeroshell Labora 


$5.000 to 


could require 
installations 


storage 


separators run at the 
tory costs the company 
$10,000. But although no 
filter has been developed—nor will Shell 
produce it when it is—the 

considers the money well spent 


suit ible 


compan 





AEROSHELL engineer pumps contaminated fuel through filter set in lucite container. 
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HUMAN FACTORS 





Human Aspect Specialists Aid Designers 


Los Angeles—Shrinking role of the 
human operator in man-machine de- 
fense systems now raises new and subtle 
problems of human engineering, has- 
tening the growth of consultant firms 
capable of providing industry with spe- 
cialized support in that field. 

One of the largest, and perhaps most 
typical, human engineering consultant 
companies is Dunlap and Associates of 
Stamford, Conn., which has recently 
established an office here to be near 
West Coast missile and airplane man- 
ufacturers. 

Human engineering specialists of 
Dunlap have taken part at some stage 
in development of virtually every cur- 
rent missile system as well as in con- 
ception of new aircraft and submarine 
control systems and in solution of many 
other problems. 

Rapid growth of the company and 
others like it is more evidence that ma- 
chinery is becoming too sophisticated to 
be designed by conventional engineer- 
ing disciplines alone. 

The growing importance of consult- 
ant specialists can be noted in other 
fields than human engineering. Nearly 
half of Dunlap’s work is in systems 
analysis and operational research, a 
natural outgrowth of the emphasis in 
human engineering upon closed loop 
problems. 


Growth Restriction 


Missile and aircraft manufacturers 
tend to restrict growth of some special- 
ist groups within their own engineering 
departments because deep knowledge of 
a highly specialized subject is seldom 
needed continuously. A _ consultant’s 
fees end with his services, but it is 
impractical to lay off staff members 
when their usefulness is temporarily 
interrupted. 

Chief contribution of the human en- 
gineering specialist to the job of design 
is use of more appropriate methods 
upon engineering problems dealing with 
human operations. Applied and experi- 
mental psychologists which make up 
the largest part of the Dunlap human 
engineering staff are experienced in lab- 
oratory and literature research and often 


find use for the capability. But in many 


contracts, specialized insight alone is 
adequate to spot the psychological 
booby traps that turn up in weapon 
system designs. 

Dunlap holds a contract from U. S. 
Navy to integrate and monitor human 
factors aspects of work done by all sub- 
contractors on the Lockheed Polaris 
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missile. Some work is directly by Dun- 
lap for companies which lack a human 
factors engineering staff. 

A typical problem encountered on 
the Polaris was a conflict between the 
desire of Dunlap workers to seat the 
fire control officer at a console present- 
ing all necessary information at one 
point and the Navy tradition that off- 
cers stand when on duty. 

The Navy position is based on the 
argument that an officer is a supervisor 
and must be free to go quickly wherever 
he is needed. So the inevitable design 
compromise was made. All command 
information is presented at a single 
panel to comply with the Dunlap rec- 
ommendation and it is chairless and 
centrally located to satisfy the Navy re- 
quirement. 


Control Simplified 


Jobs done by ballistic missile fire con- 
trol teams in the operational count- 
down have been made as simple as pos- 
sible because importance of each step 
makes operator errors intolerable. Since 
retaliatory weapons must react quickly, 
most work of preparing the ballistic 
missile for launch is done on a continu- 
ing or periodic basis so that it can be 
treated as a round of ammunition if war 
comes. The role of Dunlap and human 
engineering groups of various missile 
contractors is to cut the probability of 
operator error and lower reaction time 
by finding the best division of labor be- 
tween man and machine, providing a 
coherent combination of data presenta- 
tion and controls. 

Ballistic missile launch control cen- 
ters are commonly responsible for 
several missiles so that manpower and 
support equipment can be time-shared 
efhciently. The fire control officer at a 
land-based missile site or on a Polaris 
submarine has comparatively little to do 
in the countdown unless a malfunction 
occurs in one of the missiles or support- 
ing systems. 

He then must make a complicated 
decision on how to switch missiles from 
one target to another, how to re-assign 
time-shared supporting systems and how 
to alter the sequence in which the mis- 
siles are fired. This involves important 
calculations dealing with target priori- 
ties, time to be expended in launthing 
all the missiles and time needed to cor- 
rect different types of malfunction. 

Dunlap now is studying ways of re- 
ducing these calculations to standard 
operating procedures. Difficult, un- 
standardized calculations raise too great 


a probability of error where target priori- 
ties are at stake. Possible reassignment 
of targets will have to be decided at 
high military and political levels and 
incorporated in standing orders of some 
sort. Creating standard procedures that 
will comply with these and consider 
every technical and tactical eventuality 
is not expected to be easy. 


Critical Effect 


Extremely critical effect of errors and 
lost time makes instrument and control 
layout important. Many functions in 
the countdown must be performed in 
sequence and if a step is missed, inter- 
locks may open to prevent destruction 
of components. This would mean a 
new countdown with delays to the firing 
schedule. 

In Polaris, Dunlap recommended in- 
stallation of indicators and controls for 
the launcher console in a straight-line 
arrangement paralleling the sequence of 
events in the countdown. Some of the 
events are series of actions performed 
automatically by the equipment. When 
a light comes on to indicate the com- 
pletion of the series, the operator pushes 
a button beneath it to start the next 
event. 

Designers of missile launching com- 
plexes have tried to avoid making several 
missiles dependent on any single piece 
of support equipment. If it were not 
for manpower, cost and space limita- 
tions they would prefer to give each 
missile a complete individual support 
system. Since that is not possible, they 
duplicate most equipment and time- 
share it among the missiles. A schematic 
arrangement of failure indicators and 
system selector switches on the consoles 
gives the fire control officer the most 
readable presentation of his malfunc- 
tion switching problem and his alterna- 
tives in the opinion of the human 
factors experts. 

Semiautomatic ballistic missile 
check-out gear must also check itself 
where possible. The problem of deter- 
mining whether a go-no-go light indi- 
cates the loss of component in the 
missile or in the check-out unit itself is 
a difficult and time consuming one for 
the human trouble-shooter. The fire 
control officer must know the answer to 
re-assign systems. To free the crew of 
this problem, Dunlap experts have ad- 
vised that trouble indicators be linked 
to smallest replaceable module rather 
than systems of modules. 

If a missile is shut down unnecessarily 
because of a fault that is really in check- 
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out unit, the countdown must be re- 
started at the beginning and involves 
considerable time spent in warm-up, 
gyro stabilization, etc. Designers are 
trying to reduce the frequency of check- 
out cycles during the long period of con 
tinuous peacetime maintenance because 
operation of components increases the 
liklihood of failure. 

In some early missiles it was found 
that components with a life expectancy 
of 50 operating hours often underwent 
as much as 100 hr. of test in a relatively 
short time span. Experience indicates 
that a svstem is about as reliable 90 
days after last check-out as it is after 
30 days. Polaris support system also 
doubles as training device with a com- 
puter simulating the missile. 


Guidance Systems 


In Polaris, data is continuously drawn 
from the shipboard navigation system, 
processed and fed to the missile guid- 
ance systems. A feedback loop ensures 
that the missile is accepting the correct 
program. A discrepancy between input 
and output opens an interlock to pre- 
vent launch. The loop is loosely moni- 
tored by a crew member to make early 
corrective action possible. 

Dunlap has tried to avoid the use of 
a human monitor where required to 
watch for a rare occurrence over a long 
period of time. He becomes easily dis- 
tracted and unreliable. He is more effec- 
tive if given some related actions to 
perform reasonably frequently. In some 
cases of this type it is better to let the 
man perform the operation with the 
machine acting as monitor 

As increasing performance and chang- 
ing environment of weapon systems 
have raised problems beyond the ability 
of man to control directly, there has 
been a tendency to interpose non- 
human sensors, evaluating computers 
and semiautomatic control systems be- 
tween him and his problem. This hu- 
man engineering solution has raised new 
human engineering problems by nar- 
rowing the operator's role to that of 
decision-making, the least understood 
human activity The progressive re- 
moval of the operator from the situa- 
tion he is to control confronts the 
designer and his human engineering 
colleague with the task of supplying 
the operator an accurate and complete 
symbolic representation of the real 
world and a wav of measuring the effect 
ot his actions upon the tactical situa- 
tion 

The task is an important one, for de- 
cision depends upon perception. Use of 
increasingly abstract symbols may lessen 
the operator's motivation, in the opin 
ion of Dunlap’s experts. Much of their 
work in the field of realistic symbolic 
display of information has been incorpo- 
rated in the Douglas-Bell administered 
ANIP (Army-Navy Instrument Pro- 
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gram) airplane and helicopter instru 
ment panel development study. ‘They 
have also been active in a similar pro- 
gram dealing with one-man control sys 
tems for submarines and surface vessels. 

Navy officials have given a Dunlap 
study much credit for development of 
one-man airplane type controls used in 
the USS Albacore high speed experi 
mental submarine and scheduled for use 
in Polaris-carrying subs. The technique 
was part of results attained in Project 
THERBLIG, a six-year time and mo- 
tion study of general human engineer- 
ing research on submarines and anti- 
submarine equipment. A motion picture 
study of 65 operator tasks on guppy 
submarines showed that in 64 there was 
some evidence of human error. The 
most serious of these were attributed 
mainly to inadequate equipment design, 
poor training and ambiguous operation 
procedures. 

Project THERBLIG was asked to as- 
sist in design of Albacore controls be 
cause serious problem of depth control 
was expected to become worse due to 
the sub’s high speeds. Its designers con- 
cluded that radically new controls would 
be needed to solve the problem. 

Control of a conventional submarine 
requires three operators, a helmsman, 
bow planesman and stern planesman. 
Planesmen are responsible for control- 
ling depth, rate of depth change, pitch 
and rate of pitch change. The opera- 
tion calls for an unusual degree of team- 
work which cannot always be main- 
tained. At times, one planesman is given 
the job of correcting depth error and 
the other that of controlling pitch angle. 

Either job is difficult, for displace- 
ment of a diving plane control does not 
cause a displacement of the plane but 
rather produces a rate of rotation. 
Therefore, position of the control tells 
the operator nothing about position of 
the plane. He must monitor the plane 
angle indicator to prevent any inadvert- 
ent maneuvers and must select a plane 
angle to give a rate of depth change 
proportional to the depth error. 

(he one-man control technique first 
employed in Albacore uses an airplane 
type yoke in which displacement of the 
control results in displacement of the 
rudder and planes rather than rates of 
displacement. 


WHAT'S NEW 





Telling the Market 


Data, charts, and pictures of Aer- 
Opak Thermocouples, Bulletin 3.5A, 


Aero Research Instrument Co., 315 
North Aberdeen St., Chicago 7, Ill. . . 
Details on blank sizes, thread sizes, 
dimensions and approximate shipping 
weights of die cast cap nuts, specification 


sheets, Gries Reproducer Corp., 400 
Beechwood Ave., New Rochelle, N. Y 
. . . Aircraft Service Equipment, illus 
trated brochure, describes a new systems 
concept for the overhaul and servicing 
of jet engines, Automatic Warehouse 
Branch, Pesco Products Division, Borg 
Warner Corp., Bedford, Ohio 


Riveting With Hi-Shears, booklet 
gives installation and removal data for 
riveter and inspector, Hi-Shear Rivet 
lool Co., P. O. Box 45545 Airport 
Station, Los Angeles 45, Calif 
Description of the line of Color-Lite 
subminiature incandescent indicating 
lights and accessories. Catalog A-58, the 
Sloan Co., 4101 Burbank Blvd., Bu 
bank, Calif. Engineering Catalog 
Sheet #50110-1A, gives essential data 
on Rotron Propimax-2 fan for cooling 
electronic gear in aircraft and missiles 
Rotron Manufacturing Co., Inc., 
Schoonmaker Lane, Woodstock, N. Y 


Eccospheres, illustrated brochure on 
hollow glass microspheres for use as a 
dielectric material in com 
pounds, radomes, heat barriers, etc 
Emerson & Cuming, Inc., 869 Wash 
ington St., Canton, Mass Charac 
teristics, specifications and illustrations 
of welded bellows for aviation, missik 
and instrumentation fields, Formweld 
technical brochure, Bridgeport ‘Thermo 
stat Division, Robertshaw-Fulton Con 
trols Co., 155 Hill St., Milford, Conn 


molding 


Enginectung Guide to Silocone Fluids 
for Mechanical Applications, Brochur 
3-112, Dow Corning Corp., Midland 
Mich Description, features and 
specifications on Missile Test and 
Support Equipment, George L. Nan 
kervis Co., 15300 Fullerton Ave 
Detroit 27, Mich Leader on a New 
Frontier, brochure, gives facts 
facilities for aeronautical and astronautic 
products and missile hardware, Depart 
ment FW-A17, The Firewel Co., Inc 
3685 Broadway, Buffalo 25, N. Y 


about 


Illustrated booklet outlines structural 
static and dynamic testing, experimental 
stress analysis, hydraulic and pneumati 
test, etc., of missile components in the 
laboratory, General Electric Co., Mis 
sile and Ordnance Systems Department 
Room 5B, 3198 Chestnut St., Phila 
delphia 4, Pa New general catalog 
describes company’s standard line of 
quick-connect, quick-disconnect 
plings, Snap-Tite, Inc., Union City, Pa 


cou- 


Operating principles, installation dia 
grams, dimensions and adjustment con 
siderations of Model 65 Vibraswitch 
Malfunction Detector, Bulletin RF-586 
Aeronautical and Instrument Division 
Robertshaw-Fulton Controls Co., Euc 
lid Ave. at Santa Ana Freeway, Ana 


heim, Calif 
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Steel Honeycomb Brazed Continuously 


By Craig Lewis 


Dallas—An automated continuous 
process for brazing stainless steel honey- 
comb panels has been developed by 
lemco Aircraft Corp., and Temco en- 
gineers say it will do the job cheaper, 
quicker and better than present manu- 
facturing techniques. 


With this Temcombing process, pan- 
els are brazed as they move through a 
l'emco-designed furnace at a regulated 
rate, then are stretch-formed to the de- 
sired curvature. The furnace and its 
feed system are flexible enough to han- 
dle panels of nearly any practical thick- 
ness, length or width 

Development of new processes for 


STAINLESS STEEL honeycomb panel encased in its envelope and clamped in a chain-driven 
frame moves through the furnace area at Temco Aircraft Corp. Thermopile suspended over 
the middle rear of the furnace regulates panel speed to keep heating uniform. Line running 
from the panel envelope is used to maintain a partial vacuum of 3 psi. in the envelope’s 
internal argon atmosphere. Pressure of evacuated envelope keeps parts together. 


BURNERS which do brazing are under the hood of Temco’s prototype furnace. 
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fabricating stainless steel honeycomb 
panels is significant in view of increas 
ing speeds and temperatures encoun- 
tered by aircraft of the North Ameri+ 
can Mach 3 B-70 and F-108 type and 
the corresponding need for materials 
to withstand these conditions. Temco 
has no production contracts for parts 
of such aircraft now, but says only that 
the new system was developed for fu 
ture company prime or subcontract 
work, 

Ihe new process is designed to re 
place present batch techniques in which 
panels are made with carbon reference 
tooling and require several hours in a 
furnace to complete the brazing prox 
ess. Temco system eliminates large fur 
naces, carbon tooling and the use of 
large quantities of inert gas, and the 
company contends that Temcombing 
is cheaper in both capital and operat 
ing cost. It is also faster than the 
carbon tooling method, and is expected 
to produce a better product because 
of fewer rejects, according to group 
engineer A. W. Graves. 


Prototype System 


Prototype Temco system is designed 
around a strip furnace with two banks 
of radiant gas infrared burners. Fu 
nace opening is 4 ft. wide and 15 in 
deep. It is set in the middle of a table 
of rollers, and a chain drive along the 
side of the table is used to move the 
panel through the furnace, brazing it 
as it passes through. 

lo ready them for the process, pan 
els, honeycomb core and brazing alloys 
are put together and covered with a 
common stainless steel envelope which 
is seam welded. The envelope is purged 
with argon, then evacuated, and a par 
tial vacuum of 3 psi. is maintained 
throughout the with the in- 
ternal argon atmosphere. Pressure of 
the evacuated envelope has the effect 
of holding the panel components to- 
gether. 

Panel is clamped in a frame that 
moves it over the roller table and 
through the furnace. It moves at three 
to five inches a minute, and speed of 
the chain drive is controlled by a ther 
mopile which sends signals to a tem 
perature controlling recorder and con 
trols a variable speed motor. 

Speed is varied to maintain an even 
temperature on the panel and prevent 
warping. 

Front burners preheat the panel to 
about 1,100F, then the second row 
of burners heats it to the brazing tem- 
perature of 1,750F. Preheating lessens 


proce SS 
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thermal shock and helps avoid distor- 
tion. 

The brazing zone also puts the panel 
through the first stage of the heat treat 
cvcle. 

After brazing, the panel is cooled to 
room temperature and _ stretch-formed 
to the proper curved shape. This op- 
eration also removes any minor warping 
that may have developed in the brazing 
process. Temco applies tension to the 
panel on an ERCO stretch press, load- 
ing both faces evenly. A die is then 
brought up, draping the panel across 
its curve and forming the correct con- 
figuration. 

Furnace system is in the development 


stage, and engineers are working on im 
provements. A change in instrumenta- 
tion on the production version will add 
three more thermopiles, and these will 
be used to raise and lower the burners 
over the panel surface to maintain an 
even temperature. When this modifi- 
cation is perfected, panels will prob 
ably be run through the furnace at a 
constant speed. 


Panel Width 


Temcombing developed to 
handle precipitation-hardened stainless 
steel, such as PH15-7M0O and 17-7PH, 
but it can also be used for titanium 
and other such metals. Panel width is 


was 


now limited to four feet because that 
is the width of the furnace, but wider 
panels can easily be accommodated in 
a production version by widening the 
furnace. There is no limit to panel 
length except the practical limitations 
of the system used to feed the panel 
to the furnace. 

Using induction heating, Temco has 
also developed a method for brazing 
fasteners to panels and for joining them 
to structure. For fastener provisions, 
panels are cut and a cup is inserted so 
that fasteners can be installed coun 
tersunk in the panel without crushing 
the honeycomb structure, using an in 
ternal wrenching bolt. 


Machine Spins, Roll-Forges Metals 


E] Segundo, Calif.—Combined advan- 
tages of metal spinning and roll forging 
are achieved by a new machine desig- 
nated Spin Forge. The 425,000-Ib. tool 
costs $500,000 and will form metals 
up to l-in. thick and 60 in. in diameter, 
while reducing wall thicknesses by up to 
one-half in a single operation. 

lhe machine offers up new potential 
in the manufacture of large-size parts 
for advanced ramjet and rocket designs 

Designed and built by Hufford Corp., 
a division of the Siegler Corp., to Mar 
quardt Aircraft Co. and Aircraft Indus- 
try Assn. specifications, the machine is 
financed by the Air Force’s Air Materic] 
Command. Spin Forge will be used at 
Marquardt’s Ogden, Utah, ramjet man- 
ufacturing plant 

Advantages of Spin Forge are: 

e Ability to produce shapes of revolu- 
tion such as cylinders, cones, venturis 
and parabolas, or combinations of these. 
e Reduction of wall thickness in the 
forming operation 

e Tolerances of up to +0.003 in. in 
wall thickness and diameter for pieces 
up to 60 in. in diameter. 

e Achievement of machined-like 
faces on finished pieces. 

e Increases in tensile strength of part, 
while decreasing ductility. 

e Formation of shapes of revolution 
without weld seams. 


Machine's Ability 

During a demonstration, Spin Forge 
shaped a 60-in. disk of 321 stainless 
steel, l-in. thick, into an outsized wash- 
basin shape, while decreasing the metal 
wall thickness by one-half. Entire op- 
eration took 74 min. Particular shape 
was chosen to prove machine’s ability 
as part of Hufford’s demonstration to 
Marquardt. 

It was emphasized by Hufford engi- 
neers that the metal was not being bent 
to shape over the mandrel, but was 
being formed by plastic deformation to 
the desired contour. 


sur- 
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Spin Forge operates this way: 
* Rotating drum with mandrel affixed, 
is moved out from machine hvdrau- 
lically. Raw stock then is placed on the 
mandrel. This eliminates need for spe- 
cial handling techniques, since ordinary 
cranes can be used. 
¢ Tailstock presses down on work with 
a force of 200,000 Ib. Tailstock can also 
exert a pull of 100,000 Ib. on work 
e¢ Drum rotates piece at a speed which 
is infinitely variable from 10 to 400 rpm 
he drum is driven by hydraulic motor 
and has a governing feature which will 
keep surface speed constant regardless 
of diameter variation. 
e Stylus traces on template and sends 
information electronically to hydraulic 
actuators for the rollers The 
can exert up to 225,000 Ib. in either 
a vertical or horizontal plane. Memory 


rollers 


MANOREL ( AROUND 
WHICH PIECE IS 
FORMED 


feedback information is returned to the 
stvlus through this clectro-hydraulic 
system and constanth roller 
positions. This accounts for the clos 
tolerances claimed for the finished 
product. 


corrects 


Electrical Heating 


Electrical heating provisions are pro 
vided so that metals which cannot be 
cold-formed may be worked at clevated 
temperatures 

Provision is 
closed-circuit television 
viewing the work, so that the operator 
need not move from the control panel 
his also protects personnel if the piece 
being worked has an undetected flaw 
Due to extreme pressure, flaws in mate 
rials can cause explosive disintegration 

l'ailstock drum 


install 
cameras fol 


being made to 


pressurt ] rel ised, 


i 


~. 2 
y 


——~ - e 


SPIN FORGE weighs 425,000 Ib., is shown during a roll forming operation using 321 stainless 
steel. Mandrel is a die around which the stock is formed. Finished product is about half its 
original thickness and has machined-like surfaces. 





FORMING INNER 
CONTOUR OF WORK & 


FINISHED piece shows machined-like sur- 
face. Rollers, capable of nearly million Ib. 
of force, are on either side. Piece is com- 
posed of stainless steel. 


STYLUS tracing template; position of stylus 
is transmitted by electrohydraulic means to 
the rollers. 


ind mandrel are moved out from the 
machine, and a crane picks up the 
finished part. 

One of the most difficult engineering 
problems in the development of the 
machine was the design of the hydraulic 
actuators for the rollers. Hufford origi- 
nally sought help from manufacturers 
of hydraulic valves. No one seemed 
willing to tackle the problem of design- 
ing valves to handle the 225,000 Ib. 
actuator pressure and a 3,000-psi. sys- 
tem. 

Hufford solved the problem by de- 
signing variable volume pumps and 
eliminating the need for valves. 


Metals Experiments 


Experimentation in the working of 
various metals is still going on at Mar- 
quardt, including the investigation of 
what can be done with “exotic” metals. 

As an cxample of what the Spin 
Forge will do, a conventional (1100) 
aluminum alloy, in a 65% reduction, 
emerged with an increase of 600% in 
vield strength while tensile elongation 
decreased from 35 to 5%. 
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Titanium aiso can be processed on 
Spin Forge, according to Marquardt. 
Commercially pure (70,000-psi. yield 
strength) and 5.1A1-2.5Sn (Allo-AT) 
titanium alloys were investigated, and 
while all tests were conducted at ele- 
vated temperatures (800-1,400F), indi- 
cations are that the commercially pure 
titanium may be worked at room tem- 
perature. While no increase in tensile 
or yield strength is gained in Spin 
Forging titanium, neither is there a loss. 

Presently, Hufford is disassembling 
the Spin Forge for shipment and erec- 


tion at Marquardt in Ogden. Further 
tests to determine the machine’s capa- 
bilities in newer ramjet and rocket appli 
cations will be conducted. Dovetailing 
with this and future production sched- 
ules, Marquardt will handle other man- 
ufacturers’ requirements which may 
demand the use of the government- 
owned Spin Forge. 

One other machine already is under 
construction for Hufford’s own use 
while construction of a third machine 
will be started shortly for General Elec- 
tric Co. 


Continuous-Path Machine Tool 
Movements Prerecorded on Tape 


Inglewood, Calif.—Micro-Path, a 
simplified system for machine tool con- 
trol that utilizes magnetic tape to store 
a prerecorded program, was demon- 
strated here by Micro-Path, Inc., a sub- 
sidiary to Topp Industries. 

System costs between $15,000 and 
$25,000. Machines may be purchased 
in several combinations since units are 
offered in modular form. 


Recording Tape 

Micro-Path provides a means of rec- 
ording continuous-path machine tool 
movements on tape without use of the 
usual computer programing equipment 

Basic system can be applied to exist 
ing machine tools or can be designed 
into new machines. 

Recording and playback controls are 
located on top control panel of console 
Advantages claimed for Micro-Path sys- 
tem include: 


e Three-axis motion control necessary 
for continuous path work, such as pro- 
file and contour milling as well as point- 
to-point operations such as drilling. 

e Greater speeds than manual produc- 
tion methods. 

e Accurate locating within .001 in. with 
fail-safe checks preceding each cutting 
operation to ensure accuracy of table 
position relative to program. 

e Fully loaded cutters operating at 
maximum efficiency on every cut. 

e Rapid traverse between cuts with cor- 
rect feed rates on cutting operations 
without of time between opera- 
tions. 

e Accurate duplication of parts without 
jigs or locating fixtures. 

@ Reduced scrap and inspection time 
and material cost 

e Reduced programing tim¢ 

¢ Elimination of specially trained opera 


loss 


DIES are produced with Micro-Path contour table and bank of eight vertical drilling heads. 
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General Electric J85 Variations 


Three models of the General Electric J85 lightweight turbojet engine each have a different 
application. J85-1 in foreground is prototype engine for Northrop T-38 supersonic jet 


+ 


trainer. Just behind it is J85-3, powerplant for McDonnell GAM-72 decoy missile, and at 
right is J85-X, which powers the prototype North American T-39 Sabreliner. 


PRODUCTION BRIEFING 





lopp Industries, Inc. of Los Angeles, 
has announced formation of U.S. 
Science Corp. New company, a wholly- 
owned subsidiary, will acquire opcera- 
tions of Topp Manufacturing Co., a 
division of ‘lopp Industries. 


Switzer Brothers, Inc., Cleveland, 
Ohio, will furnish the Navy with 30,000 
gal. of Day-Glo fire orange aircraft 
paint. Included in the 30,000 gal. is a 
clear overcoat which resists the fading 
cffects of the sun. High visibility paint 
is intended to aid in the prevention of 
midair collisions 


Cleveland Aero-Space Assn., a group 
formed to bring major missile contracts 
to the Cleveland, Ohio area, has ap- 
pointed Glenn G. Anderson as group 
administrator. Anderson, emplaved by 
the Cleveland Electric Illuminating 
Co., will be “on loan” to the newly 
formed organization to guide its initial 
operations. 


Standard Railway Equipment Mfg. 
Co., Chicago, Ill. will produce 1,280 
ft. of steel blast fencing for installation 
it Eglin AFB, Fla. Blast fence, to be 
placed at runway ends in 80 to 100 ft. 
lengths, will be solid sheet steel, 10 
ft. high. 


SKF Industries, Inc., Philadelphia, 
Pa., has acquired Reed Instrument 
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Bearing Co., Los Angeles, Calif. Reed, 
operating as a division of SKF, will 
bring the bearing corporation into the 
aircraft instrumentation and _ missile 
bearing field. 


Telecomputing Corp., Los Angeles, 
Calif., will build motor-operated but- 


terfly shut-off valves for Pratt & Whit- 


ney engines under $501,116 contract. 
Valves, produced by the corporation's 
Whittaker Controls Division, are used 
in the anti-icing system of the J57 tur- 
bojet engine. 


Follow-on contracts for component 
production on Boeing B-52G missile 
platform bomber have been awarded to 
l'emco Aircraft Corp. ($7 million) and 
Goodyear Aircraft Corp. ($2 million). 
lemco will continue construction of 
58-ft. aft fuselage sections; Goodvear is 
building center wing sections and top 
panels at its Litchfield, Ariz., plant 


Eclipse-Pioneer Division of Bendix 
Aviation Corp. will start production of 
air data computers for McDonnell 
F-101 and Republic F-105 fighters this 
spring, on the basis of a $9,446,417 con- 
tract awarded by U. S. Air Force. Simi- 
lar computers have been ordered for 
Convair l'-106 and Convair B-58 


Royal Netherlands Air Force has or- 
dered six Sud Aviation Alouctte helicop- 
ters. Delivery of the turbine-powered 
aircraft will be completed in summer. 
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CAB Accident Investigation Report: 





PanAm Crash Cause Remains ‘Unknown’ 


Pan American Flight a Boeing 377 
N 90944, was lost in the Pacific Ocean ap 
proximately midway between San Francisco, 
Calif., and Honolulu, Territory of Hawaii, 
on Nov. 9, 1957, at 1627 local time. An ex 
tensive sea and air search over thousands of 
square miles of ocean ensued. Bodies of 19 
of the 44 occupants were found as were 
small and light aircraft parts and cargo 


HISTORY OF THE FLIGHT 


Clipper 944,’ a regularly scheduled 
around-the-world flight, originated at San 
Francisco with its first stop scheduled at 
Honolulu. It departed San Francisco at 
1951" on Nov. 8 estimating arrival at Hono- 
lulu at 0550, Nov. 9. There were 36 pas- 
sengers and a crew consisting of Capt. Gor- 
don H. Brown, First Officer William P. 
Wygant, Second Officer William H. Forten 
berry, Flight Engineer Albert F. Pinataro 
Purser Oliver E. Crosthwaite, Stewardesses 
Yvonne L. Alexander and Marie L. Mc 
Grath, and Flight Service Supervisor John 
E. King 

The flight plan specified a cruising alti 
tude of 10,000 ft. and a true airspeed of 
226 kt. Gross weight at departure was 147,- 
600 Ib., the maximum allowable, and the 
weight included fuel for approximately 13 
hi. Good weather was forecast for the dura- 
tion of the flight. 

All required position reports were made 
ind Clipper 944 reported to Ocean Station 
vessel “November” at 0030; its position was 
fixed by radar as 10 mi. east of the vessel 
The last position report, at 0104, was rou 
tine with no indication of anything unusual 

rhe next scheduled position report, due 
at 0204, was not received and 30 min. there 
ifter the flight was designated unreported 


INVESTIGATION 


Search and Rescue operations were initi 
ated immediately. Coast Guard surface ves 
sels, air carrier aircraft, Air Force aircraft, 
and the U.S. Navy aircraft carrier “Philip 
pine Sea,” using its aircraft, participated 

On Nov. 14, the fifth day of search, air 
craft from the carrier located bodies and 
parts of wreckage some 940 mi. east of 
Honolulu and approximately 90 mi. north 
of the flight’s intended track. The next day 
additional bodies were recovered making a 
total of nineteen. Fourteen of these wore 
lifejackets. Bodies and material were taken 
aboard the carrier. Continuing intense 
search was unproductive and was abandoned 
on the evening of Nov. 15 

Meanwhile, investigating groups had been 
formed under the direction of the Civil 
\cronautics Board. Two Board investigators, 
representatives of Pan American World Air- 
ways and the CAA, and two pathologists of 


‘Company designation of Flight 7, using the 


last three numerals of the aircraft number. 
“All times and dates herein are Greenwich 
unless otherwise noted and are based on the 
24-hr. clock; all distances are in naut. mi. 
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the Armed Forces Institute of Pathology on 
loan to the Board, were flown to the carrier, 
then at sea en route to Long Beach, Calif. 
This permitted initiation of the investigation 
a full day before the carrier docked. The 
wreckage was briefly examined by the medi- 
cal members and investigators with the pros 
pect of gaining some insight of possible 
medical problems that might be encount 
ered 

External examination of the bodies was 
made, carefully noting all external injuries. 
There was no evidence of foul play found 
on any of the recovered bodies. Tentative 
identification was established in those cases 
where possible. All valuable personal items 
were inventoried and preserved under the 
supervision of one of the ship’s chaplains 

Preliminary examination of the limited 
amount of material aboard the aircraft car 
rier established that it was from N 90944. 
All wreckage was removed to a restricted 
area at the Pan American overhaul base at 
San Francisco where further examination 
was made by Board investigators. Various 
pieces were identified individually and rela- 
tive to one another and a detailed examina- 
tion of the pieces was made 


Recovered Material 


The recovered material consisted chiefly 
of fuselage secondary structure, fuselage in- 
terior trim and equipment items, and num- 
erous separate packets of mail and mail bags 
Only one piece of wreckage from parts of 
the aircraft other than the fuselage was re 
covered; this was a section of engine cowl 
support ring, which was found imbedded in 
a floating pillow. It could not be determined 
from which powerplant this piece of ring 
came. No portions of the main airframe 
structure found. The recovered fuse- 
lage pieces were generally from the areas 
ahead of the rear pressure bulkhead. The 
pieces were from both above and below the 
cabin floorline, and a somewhat greater 
amount of the material had come from the 
right side of the fuselage. 

Some of the recovered pieces bore distinct 
evidence of fire damage. However, it was 
determined that the fire damage on all 
pieces was on those portions which floated 
above the water. No evidence of inflight fire 
was found on any of the recovered fuselage 
material. Fire markings were fairly uniform 
over material from all positions m the fuse 
lage, including mail and cabin material, and 
each charred piece had a definite waterline 
below which charring did not occur. Labo 
ratory tests of the charred pieces disclosed 
no evidence of prohibited or explosive mate- 
rial. 

Board investigators carefully examined the 
recovered debris for evidence of an inflight 
explosion. This examination included a 
thorough inspection of recovered items of 
cargo, passenger effects, and mail. No evi- 
dence of an inflight explosion in the fuse- 
lage was found. 


were 


Cargo manifests were examined to deter 
mine whether any explosive or otherwise 
dangerous material was aboard. A shipment 
of sodium sulfide had been in the forward 
cargo compartment. A check with the ship- 
per disclosed that the packaging consisted of 
one pound in a sealed glass container and 
one-fourth pound also in a sealed glass con 
tainer padded from each other and the 
shipping container, which was a wooden box 
13 in. by 11 in. by 9 in. It was further 
learned from the shipper that the material 
consisted of crystalline sodium sulfide of 
the highest ACS (American Chemical So- 
ciety) grade of purity and was the only 
chemical compound shipped in the box 
It had been packaged in accordance with 
prescribed regulations. 


Sulfide Handling 


Sodium sulfide is a chemically reactive 
flammable solid. It is normally shipped in 
airtight containers in a yellow crystalline 
form which even if exposed to air would be 
safe to handle and to transport. Crystalline 
sodium sulfide in contact with moisture 
would generate hydrogen sulfide gas, which 
is toxic, at a slow detectable rate. The 
amount of hydrogen sulfide generated would 
not be great or dangerous before its very 
foul and characteristic odor of rotten eggs 
would alert the crew to take emergency pro 
cedures—i.e., use a smoke mask, and de 
pressurize the aircraft and ventilate. This 
material is rather widely industrially 
and its shipment by air is not uncommon 

Also included in the cargo was a package 
containing a small amount of radioactive 
medicine which had also been packaged in 
accordance with prescribed regulations. It 
was reported to have been sealed in a Bab 
bitt metal capsule about one inch long con 
tained in a hermetically sealed can. This 
can was then placed in a cardboard carton 
which was identified by a label indicating 
radioactive material. 

Neither of these two shipments was re 
covered but there is no reason to suspect 
that either one contributed to the accident 
The remainder of the cargo consisted of 
routine mail, baggage, and express shipments 
which included several barrels of tranquil 
izer and several shipments of movie film of 
the “Safety” type. 

N 90944 was equipped with two com 
plete high frequency radio transmitting and 
receiving systems. The two systems were also 
equipped with SELCAL which provides 
ground-to-air selected calling, eliminating 
the need for continuous pilot monitoring of 
the high frequency communication equip- 
ment of the aircraft. The ground equipment 
generates pre-set coded tones which are 
transmitted on voice communication fre 
quency. 

On receipt of the particular tone code 
the aircraft decoder activates the cock 
pit call chime and signal light. This 
SELCAL phone is on the control pedestal 


used 
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between the pilots, readily usable by both 

In addition to SELCAL, the 2onventional 
equipment was available to the crew by 
ictivating a toggle switch for either system 
In either system it is necessary to depress 
the microphone button to transmit. Addi- 
tionally, the aircraft had two separate very 
high frequency systems and two automatic 
direction finding receivers providing aural 
reception and radio bearings from the sta 
tions in the low frequency and_ broadcast 
band 

\ir-to-surface and surface-to-air communi 
‘tions on very high frequency during take 
ott and immediately following departure of 
Clipper 944 on Nov. 8 were routine and 
normal. These included clearances with the 
San Francisco tower, radar departure con 
trol, and CAA Air Route Traffic Control 
Center. Upon reaching cruising altitude 
10,000 ft.) at 2009, Clipper 944 switched 
over to company frequency and contacted 
ARINC (Aeronautical Radio, Inc.), which 
handles all company surface-to-air communi 
cations for Pan American. A schedule was 
cstablished for position reports from the 
flight at four minutes past each hour and an 
“operations normal” report at 34 min. past 
each hour 


Position Report 


At 2105 Clipper 944 made its first rou 
tine position report, which indicated the 
flight was proceeding as scheduled. There 
ifter, Clipper 944 continued to report its 
progress as scheduled at four and 34 min 
past the hour through its last position 
report of 29 deg., 20 min. north and 
141 deg., 35 west at 0104. Prior to 
this position report Clipper 944 established 
radio communication at 0030 with Ocean 
Station “November” and two radar fixes 
were obtained by that vessel which fixed the 
position of the aircraft as bearing 243 deg 
true range 43 mi. from the vessel at 0040, 
1pproximately 10 ahead of schedule 
\t that time Ocean Station ““November” 
was 29 deg., 59 min. north and 140 deg., 8 
min. west. With this information it is prob 
ible that Clipper 944’s navigator estimated 
his position, at 0104 
his own estimate of his position and the cor 
rection indicated by the radar 

The Board considered it entirely possible 
that an emergency message might have been 
sent from the flight after the 0104 position 
report and that such message might not 
ave been heard. Pursuing this possibility 
the ARINC tapes for the fre- 
juency in which such message would be re 
orded carefully examined. Initially 
nothing was apparent. However, repeated 
playbacks of the tapes of the period follow 
ing the 0104 position report disclosed previ- 
unknown transmissions which weré 
weak and subject to varied and 


min 


min 


as an average between 


fixes 


recording 


were 


ously 
extremely 
onflicting interpretation 

Great effort was devoted to determining 
the content, or the intent, of this transmis- 
sion 

Altogether, more than three months were 
devoted to this work, using various proven 
ind experimental methods as well as the 
finest equipment 

Another attempt to understand the mes- 
sage was made by Pan American World 
\irways. A number of its supervisory flight 
uid Communications personnel, accustomed 
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to the abbreviated jargon of air radio com 
munications as well as having had personal 
experience in previously talking with the 
crew members, unable to gain any 
significant intelligence from repeated play 
hacks of the recorded message. Despite this 
comprehensive research, the Board could not 
definitely establish that any emergency trans 
missions came from Clipper 944 

Board investigators obtained the identifi 
cation of 44 other flights which were oper 
ating through the area of the last reported 
position of Clipper 944 during the period 
2400 to 0200 on Nov. 8-9. None of the 
crews of these flights had overheard any calls 
from Clipper 944 during this period on 
company or any other frequencies, nor did 
Ocean Station “November” hear any emet 
gency message from Clipper 944 following 
its last position report at 0104. (All PAWA 
aircraft as well as those of certain other 
carriers, namely, Northwest Airlines and 
United Air Lines, transmit and receive on 
ommon frequencies. ) 

When Clipper 944 failed to report at 
0134 and again at 0204, the next routine 
reporting scheduled, both Honolulu, which 
then had flight guard responsibility, and San 
Francisco attempted to contact the flight 
or all frequencies. All subsequent attempts 
tc contact the flight were futile and Search 
and Rescue was alerted at 0234; search was 
started immediately. Bodies and debris lo 
cated by aircraft of the U.SS 
Sea were at 29 deg., 36 min. north, 144 
deg., 3 min The probable point of 
impact was near 29 deg., north, and 
143 deg., 34 west. The 
computed trom known ocean current vectors 
published by the Hydrographic Office, tak 
ing cognizance of reported winds. The posi 
tion of Lat. 29 deg., 26 min. north, and 
Long. 143 deg., 34 


mately 105 mi. west of the last 


were 


west 
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with scattered to broken clouds above 12 
000 ft. The over-all wind pattern coincided 
closely with the forecast. There were no re 
ports of turbulence, icing, lightning, thun 
derstorm activity, or precipitation of any 
kind, 

The forecast lowest sea level pressure in 
the accident zone (from 140 deg. to 145 
deg. west) was 1018 actual values 
ranged from 1020-1023 mbs 

The winds reported at 
“November” (averaging the 0000Z and 
0600Z observations) were as follows: 2,006 
ft.-250 deg. at 8 kt.; 6,000 ft.-270 deg. at 
8 kt.; 10,000 ft.-250 deg. at 12 kt 

I'he visibility at Ocean Station “Novem 
ber” at 0000Z and 0300Z was reported as 
10 naut. mi. while the cloud 
is follows 


000027 — less 


mbs.; 


Ocean Station 


conditions 
were 
than cumulus based 
at 2,000 ft 
stratocumulus 
4,500 ft 
10 cirrus at an unspecified 
height (but well 
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tt 
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height (but well above 
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Ocean Station vessel “November” als 
reported the following with respect to th 
state of the sea at 00007, Nov. 9 
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where bodies and wreckage were found (3) and probable impact point (4) 





ably died from drowning. Further, the lack 
of extensive crash-induced mutilation, to 
gether with the general condition of the 
bodies, suggested that the water impact, al 
though severe, was not sufficiently great to 
cause complete disintegration of the aircraft 

Life preservers were found on 14 bodies, 
two of them children. One of the recovered 
bodies, wearing a life preserver, was one of 
the stewardesses who was still strapped by 
her safety belt to a seat. 

Bruises and abrasions on the thighs of the 
captain’s and the purser’s bodies indicated 
that their seat belts also were fastened at the 


time of impact. Similar indications were 
lacking on other bodies. The medical exam 
ination further disclosed that none of the 
bodies had been subjected to fire before or 
after impact 

As part of the pathological examination, 
a series of tests for toxic material was con 
ducted. Initially these tests indicated ele- 
vated levels of carbon monoxide in several of 
This preliminary find 
ing indicated (1) the need for further cor- 
roborating tests, and (2) that a study should 
be undertaken to determine how high con- 
centrations of carbon monoxide could have 


the recovered bodies 


Convertible Jets for VTOL Aircraft 


Use of convertible turbine engines to efficiently provide sufficient power for vertical takeoft 


and economical, low-weight propulsion for forward cruise flight is being studied by General 


Electric’s Flight Propulsion Laboratory Department, Cincinnati, Ohio. Proposals shown, 
using General Electric J85 turbines, would duct hot gas to a turbine driving one or more 
lifting fans for vertical takeoff and landing; for level flight, the system would be converted 
to provide conventional turbojet power. Valves in the duct and engine tailpipe would 
control gas flow. General Electric design study (top) envisages a four-engine 30,000-Ib. 
VTOL transport capable of carrying a 4,000-Ib. payload for 600 naut. mi. at speeds up to 


320 kt. By interconnecting gas generators and fans, engine-out safety could be provided, 


General Electric notes. Another proposal (bottom) depicts a twin-engine Army observation 


aircraft weighing 13,500 Ib. including 600-lb. of electronic equipment. Maximum flight 


speed at sea level could be 550 kt., cruise radius 200 naut. mi. with two-hour loiter time. 
Without loiter time cruise range would be 700 mi. Two J85 engines would drive a single 
lift fan buried in the fuselage behind the cockpit. 


been present in the inhabited portions of 
the fuselage. To accomplish the latter ob 
jective a Board investigating group made a 
detailed study of the Boeing 377 systems to 
determine possible malfunctions which could 
lead to the generation of carbon monoxide. 
These were considered with probable varia 
tions in the pattern of airflow throughout 
the fuselage 

This study disclosed that high levels of 
carbon monoxide could be generated and 
distributed unevenly throughout the fuse 
lage in several ways. However, it was im 
possible to relate the elevation of carbon 
monoxide found in bodies with the seating 
arrangement and, consequently, with the 
source of the carbon monoxide. 

Medical tests have continued from the 
time of the accident to the present to verify 
the initial findings relative to carbon monox- 
ide concentrations in certain of the bodies 
These tests, conducted independently by 
different federal agencies, verified the con- 
centrations as found initially but raised doubt 
as to the suitability of any test method be 
cause of the decomposed state of the bodies 
Additional studies are presently being pet 
formed which may answer the question re 
garding reliability of carbon monoxide re 
sults in cases of post-mortem decomposi 
tion, but as vet this question is unsolved 


Watches Recovered 


Five recovered wrist watches were 
ined by a competent watch maker to estab 
lish an approximate time of impact. Of 
these, two had been stopped by impact at 
26 and 27 min. past the hour, respectively 
Two were automatic winding, shockproof 
and waterproof, and one of these was still 
running, showing the correct time when re 
ccvered. The other was full of water and 
had stopped at 35 min. past the hour. Since 
the “waterproof” case was intact and showed 
no physical damage, it was concluded that 
it ran for some time before being stopped 
by water seeping in. The remaining watch, 
which had a_ nonwaterproof case, had 
stopped at 28 min. past the hour and had 
water inside. This was considered to be the 
probable cause of stoppage. Considering the 
waterproof integrity of the case of the watch 
showing 35 min. past the hour and eliminat 
ing the one still running, a probable time 
impact was established as 27 min. past the 
hour. Since the aircraft had reported at 
0104 and did not report, as scheduled, at 
(0134, the time of the crash is concluded to 
have been 0127 

An inspection was made of all company 
maintenance records of N 90944. This in 
cluded records of the aircraft structure, 
powerplants, and all accessories. A detailed 
study of these records, which were adequate 
that all ai 
complied 


exim 


and in good order, showed 
worthiness directives had been 
with and that no known discrepancies ex 
isted at the time the aircraft was dispatched 
on this flight. The aircraft, a Boeing 377 
was manufactured by the Boeing Airplane 
Co. on Aug. 19, 1949. Pan American ac 
quired it on Sept. 28, 1950, and it had been 
operated in air carrier service since that date 
It had been progressively maintained and 
was currently certificated.* 

%Progressive maintenance is a system 
whereby overhauls of aircraft are divided 
into segments so that complete overhaul is 
not required at one time. 





he aircraft was equipped with four Pratt 
& Whitney model 4360B-6 engines. 

Propellers installed on these engines were 
Hamilton Standard model No. 34E60-349, 
blade model 7015B-2. The propeller domes 
had incorporated the recently developed 
speed sensitive pitch lock to minimize un- 
controlled engine overspeeds. The blades 
were solid aluminum. All blades and hubs 
of each propeller had been overhauled and 
maintained as complete units since new. 
Records of the carrier’s fleet of Boeing 377’s 
in the Pacific-Alaska Division were exam- 
ined and revealed that no propeller struc- 
tural failures had occurred since the adop- 
tion of this model propeller.* None of the 
propellers on this particular aircraft had been 
involved in any overspeeding incident. Each 
engine was equipped with a General Electric 
model CH10 turbosupercharger. These pro- 
vided pressurized air for the cabin air con- 
ditioning system as well as air for engine 
supercharging 


Loud Noise 


On Sept. 19, 1957, when N 90944 was on 
a trip from Honolulu to San Francisco, the 
crew heard a loud noise. It was described as 
similar to dropping the navigation stool on 
the flight deck. The captain made a check 
of the lower nose CO, bottles and the for- 
ward cargo compartment, accessible through 
a floor hatch in the cockpit. The antennas 
were Checked through the octant and every- 
thing was found normal. This incident was 
written up on the flight engineer's log (Dis- 
crepancy Report) and, in addition, suspect- 
ing a tire blowout, a tire check was re 
quested by the captain prior to landing at 
San Francisco. This was accomplished by 
extending the gear and requesting a visual 
heck by tower personnel. No tire damage 
was observed and a normal landing was 
nade 

Since this incident was written up as a 
discrepancy, it required an inspection which 
was signed off with the following action by 
1 company inspector, “Inspected aircraft 
ind found no damage outside.” Inasmuch 
as this indicated no interior inspection of 
the aircraft, Board investigators further ques- 
tioned the company inspector who signed off 
the discrepancy. His statement of action 
taken follows: “Inspected lower nose and 
forward cargo compartment, also exterior 
of aircraft. Found you could duplicate loud 
stepping hard on door between 
cockpit and cargo. Also loud bang could be 
duplicated by dropping forward toilet lid. 
Nothing abnormal found.” 

Iwo “hard” landings had been reported 
June 4, 1957, and Oct. 3, 
Following the first, in- 
spection of the aircraft (N 90944) by cer 
tificated mechanics included a visual in 
spection of all outer skins for wrinkles, fuel 
stains in cell areas, cracks or damage to land 
ing gear, lowering of flaps ind inspection of 
flap area and landing flaps themselves. No 
visible damage was found. One item in the 
inspection required in the manual, namely, 
removal of a surface cover for inspection of 
the wing spar webs, was omitted; however, 
the mechanics who performed the inspec- 
tion were satished that there was no damage 


noise by 


by crews on 


1957, respectively 


‘However, military services have experi- 
enced engine nose section difficulties at- 
tributed to the use of the solid aluminum 
propeller which is considerably heavier than 


the model previously used. 
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Rolls-Royce Conway Mounted on 707-420 


First Rolls-Royce Conway turbojet engine, rated at 17,000 Ib. thrust, is mounted on Boeing 
707-420 Intercontinental transport being built for British Overseas Airways Corp. The 
707-420 is the first of 15 Intercontinentals ordered by BOAC. Conway engines also will 
be used on 707-420s ordered by Lufthansa, Varig Airlines and Air-India International U. 


to the aircraft and accordingly “signed off” 
the inspection form. The second hard land 
ing was followed by an inspection which was 
reported verbally by the inspecting me 
chanic, to the captain of the flight, as 
complete. This verbal report was accepted 
by the captain since in his 
landing was not sufficiently hard to warrant 
a written report. 

N 90944 had made 41 flights during the 
period Sept. 19 to Nov. 8, 1957, the date 
of Clipper 944’s departure from San Fran 
cisco. The pilots on these flights were ques- 
tioned regarding any unusual noises, turbu- 
lence encountered in flight, hard landing, 
or any other significant occurrences, which 
1 matter of record. Nothing 
light on the 


opinion the 


were not made 
was reported that shed any 
accident 


Final Inspection 


rhe last preflight inspection was started 
on Nov. 6, 1957, and continued until the 
date of departure, Nov. 8, 1957. All items 
required had been checked and signed off 
by appropriate maintenance personnel 

During the investigat 
ind in view of the circumstances of the dis 
of the aircraft and the 
of living witnesses or crew members 


course of the on, 


ippearance ibsence 
m €x 
tensive investigation of personal activities 
ind backgrounds of crew, 
company ground personnel of the San Fran 


of PAWA was made by CAB and 


personnel 


yassengers, and 
| 


cisco base 
other governmental agency 

This imvestigation included personal in 
terviews with all personnel who might have 
aircraft for an\ 
yuund on its 


had access to the reason 
while the aircraft was on the gr 
last stopover at San Francisco from Nov. 6, 
1957. to Nov. 8, 1957 
98 persons. This phase of the 


ind involved som 


nvestigation 


disclosed that the aircraft received norma 
preparation for the flight and disclosed noth 
haracter or 
point to 


the lo f the aircraft 


ing relative to the behavior of 


iny person that might sabotage in 


connection with 


Specific Maintenance 


Subsequent to th earing, the 
Board 


he maimtenance al 


conducted an investig m of sp 
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stigation wa 


occurrences at the 
base The 
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purpose « 
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evaluat 


iircraft and powerplant 
consequently, a part of stigation 
lated directly to these 

A number of irr 
nance procedures and 
noted 
lust at sea with no 
is to the 


there was no 


However be i 


nature 
caus 
these irregularities to 
possible to associate 
ciate them from 

Ihe subjects of nergen proce 
nd crew traming at mpetency 
were investigated vas established 
the company’s emer training 
including ditching, fire fighting 
evacuation procedur ver 
members « 
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that all crew 
cessfully 

It is obvious from 
tion of thi 
t the probabk 1 


omplete 


report tl 


ously handicapped 
al evidence. How 
logical 

If a large-scal 
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San Francisco International Airport Design Proposal 


Architect’s drawing of proposed development of San Francisco International Airport terminal facilities envisions two new terminals 
(Y-shaped structures); new piers connecting concourses and three-level parking structure. Design is by Welton Beckett & Associates. 


irea, some evidence of such fire 
would most probably be present in the re 
overed pieces. Since none was found, it is 
to conclude that a large-scale 
fire did not occur in any of these areas 
'here was no physical evidence to indicate 
the occurrence of a powerplant or localized 
fuselage fire nor was there any evidence to 
indicate that there was no such fire. Al 
though a powerplant or localized fuselage 
fire would not immediately destroy the 
tructural integrity of the aircraft, both the 
indicated lack of directional control and 
ibsence of any could well 
iated with this kind of emergency 


lounge 


reasonable 


distress message 
} 


D iSSO 


Fire Damage 
Such fire 


could generate considerable 
quantities of smoke which might present 
difficulties to the crew. However, 
equipment is provided to combat such an 
emergency and the 


us¢ l rc 


SCTIOUS 
crew is trained in its 
lamage that was observed on the 
floating debris was confined to those surfaces 
which were above the waterline. Obviously, 
could caused 
1 surface fire following impact 
Clipper 944 made five routine hourly po 
sition reports after its departure from San 
Francisco, the last one 21 min. prior to im 
pact with the water. After the last routine 
position transmission, the aircraft descended 
from 10,000 ft. going away from Ocean Sta 
tion ““November” which it had passed some 
35 min. before 
As has been 


this damage have been only 


stated, the location of im 
pact was computed to be in the vicinity of 
latitude 29 deg., 26 min. north and longi 
tude 143 deg., 34 min. west. This is ap 
proximately 105 mi. west of the last position 
established for the aircraft and about 30 deg. 
off course to the right or north. Lack . of 


82 


knowledge of both the time and start of 
descent and precise impact point makes it 
impossible to determine by analytical means, 
or otherwise, the airspeed or the descent 
rate existing during the descent 

A fairly flat angle of impact is indicated 
by the nature of damage to the recovered 
material, its location within the aircraft, and 
by the lack of severe mutilation of bodies 
The part of the aircraft which the 
recovered wreckage came indicated breakage 
of the fuselage at about the locations 
as has occurred on previous survivable ditch 
ings of the urcraft 
circumstances suggest a nearly survivabk 
ditching may have been accomplished. From 
this it would that 
control may have been it the time 
of water impact 

Exercise of 
rule out crew incapacitation 

However, two pertinent conclusions re 
garding the final portion of the flight arc 
evident 


from 
same 


Same model These 


logically follow some 
g 


wailable 


} 


such control would tend to 


Consideration of th 
from the last 
the impact point, and of the time required 
that distance that the 
flight did not turn back toward Ocean Sta 
tion “November.” Also, the 
the north of the planned route indicates 
that appreciable lateral distance, not on 
ccurse and away from th 
was traversed after the start 


distance 


flown ported position to 


to traverse shows 


ditching to 


ocean 


of the 


station, 
emer- 
gency 
It is dificult to understand why the cap- 
tain would have elected to continue 
from ““November” had he 


way 
been able to do 
Weather was not a factor and 
it is not believed that the shipping lanes 
to the north offered any inducement to turn 
in that direction. Conversely ““November,” 
a fixed ocean station equipped with radio 


otherwise 


homing and radar devices and rescue equip 
ment, was in close proximity with trained 
personnel readily available. 

The condition of the sea at the time and 
place of the ditching is not known precisely 
but it should not have been appreciably 
different from that existing at the weather 
vessel 105 mi. to the east. That 
official observation at 0000, one hour and 
7 min. before the ditching, included 
from 300 deg. at a frequency of 11-13 se 
with a mean maximum height a 8 ft. Sur 
face winds southwest 11 kt 
conditions would produce a usable sea sui 
face for ditching. One airline captain en 
route near the place and close to the time 
of the ditching stated that seldom had he 
seen the sea conditions more favorable for 
ditching. Due consideration of all thes 
leads to the belief that either loss 
of directional control or crew incapacitation 
was the possible cause of the aircraft pré 
ceeding away “November” after th 
start of the emergency 


vessel’s 


waves 


were 


factors 


from 


Previous Emergencies 


There is a record of previous emergencies 
aircraft which 
accompanied by serious directional control 
difficulties. Emergencies referred to, except 
one, followed complete separation of a 
powcrplant from the aircraft. The one ex 
ception occurred following takeoff with the 
cowl flaps fully open. Common to all of 
these heavy buffeting in 
flight and in the case of powerplant separa 
tion, great difficulty in simultaneously main 
taining altitude and directional control. Such 
occurrences bear a striking resemblance to 
what appears very likely to have occurred 
to 944 

Buffeting, which can be sufficiently violent 


involving Boeing 377 were 


occurrences Was 
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as to cause concern for the structural in- 
tegrity of the aircraft, is most likely caused 
by disrupted airflow over the empennage. 
Disrupted air flow, in turn, usually results 
from some occurrence which disturbs the 
smooth outer shell of the aircraft, such as 
am object passing through the fuselage; an 
explosion in an engine nacelle, wing leading 
edge, or the fuselage; or an engine being 
wrenched from the aircraft. A fuselage ex 
plosion has been dicounted. ‘hough not 
indicated factually or historically in any 
manner with respect to the propellers in 
use, failure of a propeller blade or portion 
thereof, or separation of an entire propeller 
by engine failure or nacelle explosion either 
from explosive fumes or turbosupercharger 
failure, are the most likely cause of the 
kind of damage being considered. ‘These pos 
sibilities and their consequences are also 
suggestive of what may have happened to 
N 90944 

Lack of any known message from the air- 
craft after start of the emergency may be 
related to fuselage external and/or internal 
damage which bgoke antennas and/or caused 
major damage to the electrical distribution 
system. In view of conclusions elsewhere in 
the analysis, crew incapacitation is a definite 
possibility. 

Since pathological study indicated the 
possibility of carbon monoxide in the cabin 
prior to impact, the most likely sources 
thereof must be considered. CO is gener- 
ated in most any type of a fire (electrical, 
combustible fluids and solids) or by the 
thermal decomposition of many substances 
A large fire within the fuselage is not com- 
patible with the condition of the recovered 
wreckage so a smouldering fire would appear 
to be more likely. Such a fire would cause 
considerable smoke in the cabin, in addition 
to the carbon monoxide, and contribute to 
the off-course location of the crash but 
should have been controlled by the emer- 
gency fire fighting equipment carried on 
board unless the fire had ignited some mate- 
rial like nitrate film. Such a fire should not 
have created the need for an immediate 
ditching unless the smoke accompanying it 
was excessive and irritating and the fire was 
uncontrollable 


Component Failure 


A more probable source 
be an unusual occurence in a power pack- 
age which could have initiated a chain of 
events leading to the introduction of carbon 
monoxide into the fuselage. Such an unusual 
occurrence could be a failure which would 
release part of a propeller blade or the entire 
propeller, or a failed turbosupercharger disk. 
It is likely that such an occurrence would 
be accompanied by serious flight control 
problems and possibly fire. If a propelled 
object, such as a propeller, came through the 
fuselage it could easily start a fire, knock 
out some radio equipment, make emergency 
evacuation procedures _ ineffective, 
the crew's emergency oxygen 
an occurrence fits the known 
of the other 


of CO would 


smoke 
and destroy 
supply. Such 
circumstances better than any 
possibilities 

\ third type of CO source which also 
fits most of the known circumstances is the 
malicious introduction of pure CO into the 
cabin and preferably the flight deck. CO 
unaccompanied by smoke would not be 
recognized by the crew and occupants and 
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symptomatic quantities could be absorbed 
by the crew before they realized it. Under 
these circumstances complete incapacitation 
of the crew would result and the aircraft 
could have been flown into the water. 

Several techniques have been used in the 
past to make quantitative determination of 
carbon monoxide in bodies of accident vic- 
tims. Because of the violence associated 
with certain types of aircraft accidents the 
applicability of the results of some tech 
niques and methods had been subject to 
question. The results were even more ques 
tionable when the bodies had passed through 
certain stages of putrefaction. Since the 
beginning of the Board's investigation of 
this accident the Armed Forces Institute of 
Pathology has devoted considerable time 
to verifying the suitability of the various 
testing methods available. 

Further, and more important, a new 
technique was evolved which adapted the 
use of gas chromotography to the determina 
tion of carbon monoxide levels in the blood 
of accident victims. This new technique 
was demonstrated to be both specific and 
applicable for use on the bodies which were 
not exposed to advanced port-mortem de 
composition. 

In a recent Navy accident, which involved 
multiple casualties and similar exposure to 
warm sea water, two of the eight immedi 
ately lethal fatalities demonstrated elevated 
CO values. In that accident there 
inflight fire, but a post-impact surface fire 
did occur. This casts some doubt on the 
nearly established conclusion that 
monoxide is not a byproduct of advanced 
stages of post-mortem decomposition. This 
question may take a considerable amount of 
time to resolve. The Board's 
being released, nevertheless, in the 
of a satisfactorily established cause 

The Board is deeply indebted to the 
Armed Forces Institute of Pathology for 
its valuable assistance in the 
of this accident and its research which con 


was no 


carbon 


report 1s 


absence 


investigation 


tinues and has already made a significant 
contribution to the field of aviation medicine 
and airplane accident investigation. 

The maintenance history of 944, as ob- 
tained from the records, was, in the main, 
normal and there was nothing that could 
be related directly to the accident. How- 
ever, in view of the incomplete hard-landing 
check at San Francisco, and the somewhat 
cursory check following the report of a 
“loud noise” in flight, also at San Francisco, 
maintenance and the airworthiness of the 
aircraft cannot be accepted as being normal 
in all respects. 


Inspection Omission 


The omission of the main spar inspection 
during the hard-landing check eliminated an 
and what is probably the most 
time-consuming step of the 
is considered to 
that in this 
expediency rather than 
thoroughness prevailed. It can only be con 
cluded that the “loud-noise” check was at 
best cursory. The Board’s investigation ot 
specific maintenance practices at San Fran 
cisco established these practices as not being 


important 
onerous and 
procedure. This omission 
be significant and 
instance at least 


indicates 


entirely isolated cases 
However, the Board did find 
of this investigation that the 


at the tim 
arricr was 
the process of reviewing and, where neces 
sary, revising their maintenance manual and 
This effort also included a r 


sonneci 18s 


procedures 

ilignment of 
and responsibilities 
sults of maintenance nvestig é 
called to the attention of the CAA, by 
memorandum dated Mar. 19, 1958, with 
a recommendation that PAWA maintenan 

reassessed The CAA ha id 


measures have 


some pc! igninecnt 
Furthermore, the r 


ation VCI 


practices be 
vised that suitable corrective 
been taken. 

! 


There was no evidence of 


i be mb 

explosion within the fuselag: Had a large 
bomb explosion occurred in the fuss 
compart 


SC ile 


lage (cabin, cockpit, baggage ment 


Qantas Gets Boeing 707 Simulator 


built by Link Aviation Co., 
for use in Qantas Empire Airways jet transport crew training programs 


Boeing 707 simulator, 


first such training unit delivered by Link to a non-U. S, airline 


airlifted to Svdney, Australia, 


Qantas simulator is 


will be 


Simulator will be flown to 


Sydney by two Qantas 1040H Lockheed Constellations and two Royal Australian Air Force 


Lockheed C-130 transports. 
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Fairchild Delivers F-27 to Bonanza 


Fairchild F-27A turboprop transport, with Bonanza Air Lines markings, cruises over Hoover 
Dam en route to Bonanza’s Las Vegas, Nev., headquarters. Airline plans to start F-27 
service this month; six of the turboprop transports have been ordered. 


and/or lounge), evidence of this would un- 
doubtedly have been found on some of the 
recovered wreckage material as well as on 
the bodies 


FINDINGS 


On the basis of all available evidence the 
Board finds that 

1. The crew, aircraft, and 
currently certificated 
2. The flight was properly planned and 
dispatched 
3. The gross weight of the aircraft at the 
time of takeoff was 147,000 Ib., the maxi 
mum allowable. 

4. Progress of the flight and position re 
ports were normal and routine for more 
than half of the planned flight distance. 

5. Shortly after the last routine report 
in emergency of undetermined nature oc- 
curred 

6. This was followed by 
10,000 ft 

No emergency 
from the aircraft 

8. Some preparation 
accomplished 

9. ‘The aircraft broke up on impact. 

10. A surface fire then occurred 

11. Weather was not a factor 

12. Exposure of the crew to 
monoxide was indicated but incapacitation 
could not be definitely established 

13. No evidence of foul play or sabotage 
was found, 

14. Irregularities of maintenance practices 
and/or procedures disclosed during the in 
could not be linked to the 


Carrier were 


1 descent from 


message was received 


for ditching was 


carbon 


vestigation 
accident 
The Board has insufficient tangible evi- 
dence at this time to determine the cause 
of the accident. Further research and in 
vestigation is in process concerning the 
significance of evidence of carbon monoxide 
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amended 


in body tissue of the aircraft occupants. 
By the Civil Aeronautics Board 
} James R. Durfee 
Chan Gurney 
Harmar D. Denny 
G. Joseph Minetti 
Louis J. Hector 
The Civil Aeronautics Board was notified 
of the unreported aircraft at approximately 
0200, Nov. 9, 1957. An investigation was 
immediately initiated in accordance with 
the provisions of Section 702 (a) (2) of 
the Civil Aeronautics Act of 1938, as 
A hearing, ordered by the Board 
was held in San Francisco, California, on 
Jan. 15 and 16, 1958 


SUPPLEMENTAL DATA 


Pan American World Airways, Inc., is a 
New York corporation with its main offices 
in New York. Headquarters for the Pacific 
Alaska Division are at San Francisco Inter 
national Airport. The corporation operates 
as an air carrier under a certificate of public 
necessity issued by the 
Civil Aeronautics Board and an air carrier 
operating certificate issued by the Civil 
Aeronautics Administration. These certifi 
cates authorize the carrier to engage in air 
transportation between various points in the 
United States and foreign countries, includ- 
ing the route involved in this instance 

Capt. Gordon H. Brown, in command 
ot Clipper 944, was 40 years of age and had 
been employed by Pan American since May 
1, 1942. His record shows that he had been 
progressively advanced within the company 
and during his 15 years of experience he 
had made many over-ocean flights. Of his 
total flight time of 11,314:55 hr., he had 
accumulated 674:50 hr. in Boeing 377 air 
craft. Capt. Brown was based at San Fran 
cisco and had been flying the Pan American 
Pacific-Alaska Division since Nov. 28, 1956 


convenience and 


Company records show that all required 
airman certificates and ratings on the Boeing 
377 were currently effective on the day of 
the accident. In addition, he had satis- 
factorily completed all PAWA ground train 
ing requirements, including periodic pilot 
refresher emergency equipment on _ the 
B-377 and wet-ditching drill on Aug. 2, 
1957. He had had a rest period of approxi- 
mately 11 days. Capt. Brown held a class 
one medical certificate dated May 1, 1957. 

First Officer William P. Wygant was 37 
years of age and had been employed by Pan 
American World Airways since Sept. 24, 
1946. He had a total of 7,355:57 flying 
hours, of which 4,018:58 had been in B-377 
aircraft. He was currently certificated by the 
CAA and had also completed all special 
courses including emergency equipment in 
the B-377 and the wet-drill for ditching 

Second Officer William H. Fortenberry, 
pilot-navigator for Clipper 944, had been 
employed by PAWA since August 27, 1951. 
He had a total of 2,683:10 hr., of which 
1,552 were in the B-377. All of Mr. Forten- 
berry’s certificates and ratings were currently 
effective and he had had a rest period of 
over 19 days prior to his departure on Nov 
8. Like both captain and first officer, he 
had satisfactorily completed all required 
regular and special courses, including emer 
gency and ditching courses 

Flight Engineer Albert F. Pinataro, age 
26, had been with PAWA since July 11, 
1955. Prior to employment with the com- 
pany he had completed an aircraft main- 
tenance course (9 months) at Glendale, 
California, Junior College and an aircraft 
and engine course (9 months) at Los 
Angeles City Aircraft School. CAA certifi 
cates and ratings were currently effective and 
included those of flight engineer, aircraft 
and engine, aircraft and engine instruments, 
and radio telephone. His total flight time 
was 1,596:21 hr., all in Boeing 377 aircraft. 
Engineer Pinataro had 160 hr., rest period 
prior to his duty assignment on Clipper 944 
on Nov. 8 

Cabin attendants assigned to the crew 
complement consisted of John E. King, 
Flight Service Supervisor; Oliver E. Crosth 
waite, Purser; Marie L. McGrath and 
Yvonne L. Alexander, Stewardesses. All 
of these personnel had been employed by 
PAWAA for several years and an examination 
ot company records showed all of them 
had completed company training courses in 
B-377 emergency equipment and ditching 
procedures. 


THE AIRCRAFT 


N 90944, a Boeing model 377 
number 15960, was owned and operated by 
Pan American World Airways and was cur- 
rently certificated by the Civil Aeronautics 
Administration. The aircraft had accumu 
lated 23,690:58 flying hours. It was equipped 
with four Pratt & Whitney R4360-B-6 en 
gines. No. 1 engine had a total time of 
13,804 hr., and 282 hr. since overhaul; No 
2 engine a total of 16,317 hr., and 1,208 
hr. since overhaul; No. 3 engine a -total of 
16,961 hr., and 1,249 hr. since overhaul; 
and No. 4 engine a total of 13,459 hr., and 
5 since overhaul he aircraft, 
engines, and propellers had been maintained 
as prescribed and were within their time 
limitations. 
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WHO'S WHERE 


(Continued from page 15) 





Changes 

Dr. Konstantin Pestrecov, chicf-optical 
systems group, Nortronics, a division of 
Northrop Corp., Anaheim, Calif. Also: 
Walter Schumann, applications engincer- 
automated checkout systems, and Burl H. 
Ervin, head-market research operations. 

Fred E. Hamlin, manager of information 
services, Baltimore Division, The Martin 
Co., Baltimore, Md. 

Charles R. Wood, Jr., manager-defense 
sales, Special Products Division, Weather- 
head Aviation and Missile Group, Cleveland. 
Ohio. 

W. W. Pierce, manager of the recently 
established support center-Atlas ICBM, 
Convair (Astronautics) Division of General 
Dynamics Corp., San Diego, Calif. Also: 
J. M. Rogers, superintendent; K. R. Aiden, 
acting chief-support supply; L. I. Medlock, 
chief-support quality control; I. B. Jenkins, 
chief-support manufacturing control. 

M. Clayton Burgy, technical specialist, 
Hercules Power Co.'s new rocket propellant 
plant, Bacchus, Utah. Clement J. Koeferl 
succeeds Mr. Burgy as assistant manager 
of the explosives plant, Ishpeming, Mich. 

Maj. Gen. Kingston E. Tibbetts (USAF, 
ret.), director, Pacific Division of the Den- 
ver Division, The Martin Co., Denver, 
Colo., Gen. Tibbets will direct the com- 
pany’s Titan ICBM activities at Vanden- 
berg AFB. 

R. E. Collier, customer relations represen- 
tative-at-large, Electronics Division, Ryan 
\eronautical Co., San Diego, Calif. 

Raymond K. McClintock, manager of the 
new Mountain View Tube Plant of Special 
lube Operations, Sylvania Electric Products, 
Inc., Mountain View, Calif. Also: George 
Gunnell, manager, production planning, 
Special Tube Operations; William D. Tas- 
ker, manager, Convair B-55 Hustler program 
office, Special Tube Operations. 

G. M. Monroe, director, and C. J. Ben- 
ner, assistant director, newly established 
business planning department, Chance 
Vought Aircraft, Inc., Dallas, Tex 

Norman R, Wild, chief engineer-cquip 
ment design, and Thomas E. Woodruff, 
chief engineer-preliminary design, Sanders 
Associates, Inc., Nashua, N. H 

William R. Baker, quality contre’ man 
ager, Montebello, Calif., plant of Western 
Design, a division of U. S. Industries, Inc.., 
Los Angeles, Calif 

J. R. Strother, assistant manager-military 
as turbine sales, Solar Aircraft Co., San 
Yiego, Calif 

Eugene E. Elzufon, director of research, 
U. S. Flare Corporation and Associates, 
Saugus, Calif., subsidiary of Atlantic Re- 
search Corp., Alexandria, Va. 

Victor K. Aubrey, site manager-San 
Diego, Calif., operation of Arma Dhvision, 
American Bosch Arma Corp., Garden City, 
N. Y 

George J. Brown, chief engineer, Statham 
Instruments, Inc., Los Angeles, Calif 

William O. Packer, defense products rep 
resentative-nuclear products, Erco Division, 
\CF Industries, Inc., New York, N. Y 

J. C. Nolan, operations manager, Strato 
flex, Inc., Fort Worth, Tex. 
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+ ASTROPHYSICS 
+ SPACE MECHANICS 
+ SYSTEMS DYNAMICS 


+ MAGNETO 
HYDRODYNAMICS 


+ AEROPHYSICS 


Baltimore 


The best of city and 
country living ... 20 
unhurried minutes 

from your office ... 
at Martin, Baltimore. 


for creative work f 


We need men who can make original 
contributions in stability and control 
analysis, studies in space environment 
and navigation, magnetism, other 
problems in flight. In return 

we offer recognition of your ability, 
advancement commensurate with 
your accomplishments. Write or 
phone William Spangler, Manager, 
Professional Employment, Dept. AW3, 
The Martin Company, 

Baltimore 3, Md. 


where the North 
meets the South 








"NATIONAL 


COVERAGE 


tive, 


Positions Vacant 
Positions Wanted 
Part Time Work 
DISPLAYED 
The advertising rate is $45.00 per inch for all adver 
tising appearing om other than a contract basis 
Frequency rates quoted on request. 


An Advertising inch is measured %” vertically on a 
column—2 columns——30 inches to a page 


Subject to Agency Commission 


EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities—execu- 
ma tagement, 


Civil Service Opportunities 
Selling Opportunities Wanted 
Selling Opportunities Offered 


———RATES——— 


Send NEW ADS to Classified Advertising Div. of AVIATION WEEK, ®. 0. Box 12, N. Y. 36, N. Y. 


technical, selling, office, skilled, manual, etc. 
Employment Agencies 
Employment Services 


Labor Bureaus 


UNDISPLAYED 


$2.70 per line, minimum 3 lines. To Gyre advance 
payment count 5 average words as a line 

Position Wanted Ads are % of above rate 

Box Numbers—counts as | line 

Discount of 10% if full payment 
for 4 consecutive insertions 

Not subject to Agency Commission 


is made in advance 











DISENCHANTED 
ENGINEERS 


If your present employer has failed to 
utilize your full potential, why not permit 
us to explore the parameters for your per- 
sonal qualifications with the many 
dynamic young companies in aviation, 
electronics, missiles and rockets, We now 
have in excess of 4,000 openings in the 
$8,000 to $40,000 bracket, all of which are 
fee paid. Why walt? Send resume in 
duplicate at once to:— 


FIDELITY PERSONNEL 
1218 Chestnut Street, Philadelphia 7, Pa. 








Wanted—PAINT CHEMIST 
Experienced paint formulator to develop 
aircraft finishes. Knowledge of chemical 
milling maskants desirable. 

, Contact — DIRECTOR 


California 








P 








AN FITTINGS & HARDWARE 
Stainless, Aluminum, Brass, Steel 
All sizes—immediate delivery from world’s larg- 
est shelf stock Buy direct from manufacturer. 
Lower prices—quicker service. Send for free wall 
charts showing emote line of AN & MS fittings 
and hardware. We also machine parts toe your 
own special print, and stock AN & MS forgings 
COLLINS ENGINEERING CORPORATION 
9050 Washington Bivd. Culver City, California 














NO. REPLIES TO: Bow No 
Div. of thia publication 


neareat you 


ADDRESS BOX 
Classified Adi 
Send to office 
NEW YORK 36: P. O 
CHICAGO 11: 520 N 
SAN FRANCISCO 4 


BOX 12 
Michigan 
68 Poat 


ive. 
St 





POSITIONS VACANT 
Hydraulic Design Engineer—Must have thor- 


ough knowledge and experience in aircraft 
and missile hydraulic and pneumatic equip 
ment design and development. This position 
to be with a well established airframe manu- 
facturer now entering the hydraulics and 
pneumatic equipment field. Your future un 
limited with top salary and many benefits 
Must be presently employed in this field with 
a minimum of five years design experience, 
preferably with background. Submit complete 
resume. Information will be treated confi- 
dentially. P-1010, Aviation Wee 


Pilots ard Mechanics for Latin 
America—Good salaries. Long term work 
available, families welcome. Requirements 
Pilots——Commercial License and 1,000 hours 
helicopter time, 500 hours must be in Bell 
Mechanics—A P Licenses and two years 
maintenance on Bells. Write Keystone Heli- 
copter Corporation, 1124 Land Title Bldg., 
Phila. 10, Pa. 


Helicopter 


A & P Licensed mechanics, immediate open- 
ings Bell Helicopter experience preferred 
Give details first letter. Cali’copters, 1595 
Lindbergh Street, Stockton Field, Stockton, 


California. 


- POSITIONS WANTED 


Air Force Pilot, 26, Comm. 1000 hrs., SMEL, 
Instrument, Navigator rating, BBA. Desires 
position utilizing education and experience. 
Available April 15. PW-1016, Aviation 
Week. 








86 


POSITIONS WANTED 


“47 years flying experience, 
see new industrial captain's position, in- 
jegnational or domestic. Age 35, capable, 
family of six, 10 years on present job as cap- 
tain with large midwest manufacturer, 
airline and 3 years military previously. ATR, 
CV 440, 340, 240; DC-3; over 10,000 hours. 
Top references. P. O. Box 2122, Dearborn, 
Michigan. 


Geeperate pilot, 


Pilot desires opportunity to earn position of- 
fering more than piloting. Have 17 years 
aviation experience including sales. Now em- 
ployed flying twin Beech. Married, age 36. 
Excellent record and references. PW-9991, 
Aviation Week. 


Ex-Airline Pilot age 38, excellent references, 
6600 hrs. accident free. Desires combina- 
tion executive pilot and sales or pilot. Previ- 
ous sales experience. 4 years college. PW- 
1035, Aviation Week. 

Will Travel. Aerodynami- 
Canada wants challenging 
years aircraft, missile 
age 28. PW-9987, 


Have Slide-rule. 
cist, English, in 
position in U.S.A. 5% 
experience. B.S. degree. 
Aviation Week. 


Aircraft Representative 10 years professional 
experience, representing major airframe and 
major engine manufacturer to Commercial and 
Military customers. Primary, Commercial 
Transport aircraft, secondary, utility and 
military. Ex-Naval Aviator, currently quali- 
fied transport pilot Engineering degree. 
Speak and understand three languages, ex- 
tensive world wide travel Broad under- 
standing Aircraft and Air Transport Indus- 
try. Desire Sales, Customer Relations, Repre- 
sentative i Travel, relocate 
Resume PW-1086, Aviation 
Week 


position 
upon request. 


SELLING OPPORTUNITIES WANTED 


Manufacturers’ Sales Agency. Est. 1937, with 
broad coverage in aviation and electrical 
fields seeks select lines for direct sales to air- 
craft and electronic markets within Middle 
Atlantic and New England States. RA- 
997 Aviation Week. 


or 


Manufacturers Agent desires to represent 
equipment, yarts or materials manufacturer 
throughout the southeast. Qualified, experi- 
enced. RA-9696, Aviation Week. 


MISCELLANEOUS 


Biue Prints and Technical Con- 
Send $1.00 for 3 view draw- 


Helix< Co., Hallandale, 


Helicopter, 
struction data. 
ing Pioneer 


Florida. 


opter 


4 years | 





THIS EMPLOYMENT OPPORTUNI- 
TIES SECTION offers a quick, effec- 
tive solution to your manpower 
problems. Because its readership 
is confined to just the type of men 
is 


you need, waste circulation 


avoided. 














We haven't 


even beoun 


find all 


the applications 


in 
iV 


for small 


oas turbines 


But we already see the day when 
they'll replace large air-breathing 
engines as prime movers of people 
and goods close to earth. This 
means the coming of small vertical 
risers, on a private basis, the 
‘family plane’, a revolution in 
helicopter use. The future here is 
unlimited. Aircraft gas turbines 
are still young — 17, 18 years. 

We did a lot of cut and try 
development at first. But now 
good sound rules have been 
established, so we can take a 
rigorous, sophisticated approach 
to small engine development. 
That’s where real opportunity 
exists for the gas turbine man with 
experience,” 


Aircraft Gas Turbine 


SENIOR 
ENGINEERS 


immediate openings: 


MECH. DESIGN 


Provide creative design 
atmosphere. Establish and utilize 
design practices in mechanical 
engineering analysis. Plan realistic 
design programs, first setting 
objectives for others who make 
detailed designs of engine 
components. Recognize problems 
during development stages. 


CONTROLS 


Several openings in design, 
development and evaluation of 
fuel systems and engine controls. 
Develop extremely compact, 
reliable devices; employ servo- 
analysis techniques; devise 
ingenious packaging approaches, 
intricate lever systems, 

linkage mechanisms. 


Responsible positions also open at 
all levels in all other areas. 


Inquire in complete confidence. 


Mr. Charles Durakis 


Professional Recruiting & Placement 
SMALL AIRCRAFT ENGINE DEPARTMENT 
1144 Western Avenue, West Lynn, Mass. 


GENERAL @® ELECTRIC 
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EMPLOYMENT OPPORTUNITIES 
ENGINEERS-SCIENTISTS _ 





TELESCO 


4 . 


\ 


ELECTRONICS 

Inertial Guidance & Navigation + Digital 
Computer Development «+ Systems Engi- 
neering + information Theory + Telemetry- 
SSB Technique + Doppler Radar + Counter- 
measures + Radome & Antenna Design 
+ Microwave Circuitry & Components - 
Receiver & Transmitter Design + Airborne 
Navigational Systems + Jamming & Anti- 
Jamming + Miniaturization-Transistoriza- 
tion «+ Ranging Systems + Propagation 
Studies » Ground Support Equipment 
hoede Lo ede ate eho ate ae eke ake eZee ale Se ee ele ho ep aie ato ate 

A new $14,000,000 Research Cen- 

ter —to be completed this year — is 

part of Republic's far-ranging R&D 
programs aimed at major state-of- 
the-art breakthroughs in every flight 
regime and environment. 


AVIATION WEEK, March 2, 1959 


Engineers and Scientists at Republic Aviation — with a 
turn for dry professional humor — say that they're asked, 
to solve every problem of upper atmosphere and 

space flight with the factor 


V > 
we 


This human application of the relativistic theory 


of space-time relationships is predicated on the conviction 


that the creative content of technological thinking 


can be immeasurably expanded and enriched — 


given a propitious environment. 


That the environment at Republic is propitious, 


is evident from the results 


Engineers and scientists like it. They thrive on it. 


Technical ideas of a “revolutionary” character — 


rather than “evolutionary” — are appearing at a rate 


that exceeds the norm of even 5 years ago 


In every professional area — research, development, 


experimental engineering — the goal is the samé 


PING TIME 


in terms of technological progress 


* in exotic propulsion systems for 


space operation — plasma propulsion ...advanced 


nuclear power applications... 


, in integrated electronic systems for 


flight vehicles to operate at every altitude 


> in supersonic and hypersonic weapons systems, 


both manned and unmanned 


For an invigorating environment, where 
new ideas flourish, look at the range of 
opportunities at Republic 


THERMO, 

AERODYNAMICS 

Theoretical Gasdynamics + Hyper- 
Velocity Studies + Astronautics Pre- 
cision Trajectories + Airp'ane/ Missile 
Performance « Air Load and Aeroelas 
ticity + Stability and Controls + Flutter 
& Vibration + Vehicle Dynamics & 
System Designs + High Altitude 
Atmosphere Physics - Re-entry Heat 
Transfer + Hydromagnetics + Ground 
Support Equipment 


PLASMA PROPULSION 

Plasma Physics + Gaseous Electronics 
* Hypersonics and Shock Phenomena + 
Hydromagnetics + Physical Chemistry 
+ Combustion and Detonation « Instrumen 
tation + High Power Pulse Electronics 


NUCLEAR PROPULSION 

& RADIATION PHENOMENA 
Nuclear Weapons Effects + Radiation 
Environment in Space - Nuclear Power & 
Propulsion Applications + Nuclear Radia- 
tion Laboratories 


Send resume in complete confidence to 


Mr. George R. Hickman, Engineering Employment Mgr. Dept. 1C-1 


STEP EPs ss AVIAIIaNnN 


Farmingdale , Long Island, New York 





EMPLOYMENT OPPORTUNITIES 
DYNAMICS ENGINEERS 


RESPONSIBLE POSITIONS 
IN CHALLENGING 
AREAS OF DYNAMICS 
AT GRUMMAN AIRCRAFT 





Associated with 


ASW - AEW - Attack Aircraft « Missiles « Target Missiic 


Group Leader—Fiutter and Vibration 
BS or MS in AE, Applied Mechanics or Physics with 8-10 years’ experience | 
minimum requirement in theoretical flutter analysis, flight flutter testing and | 
vibration theory. Will supervise a group of engineers in the analysis of flutter 
and vibration problems related to all aircraft, missile and hydrofoil seacraft 
programs. 

Fiutter and Vibration 


BS or MS in AE, Applied Mechanics, Physics, with 5 or more years’ experience 
in theoretical flutter analysis of high speed aircraft and missiles, flight flutter 





testing, or vibration theory and test. 


Dynamics Stability 
BS or MS in AE, Applied Mechanics with 5 or more years’ experience in missiles 
and aircraft dynamics. Responsible for the application of analytical techniques 
to solution of dynamics stability and control problems associated with aircraft 
and missiles with emphasis on dynamic aspects of flying qualities including 
flight simulator studies; missile guidance and control; and VTOL dynamics 


and control. 


BS or MS in Engineering or Physics with 5 to 8 years’ experience in the analysis | 
of the stability and performance of powered control systems for aircraft or | 


missiles. Responsible for application and development of servo-techniques for 
the stability analysis of powered control systems, auto-pilots, weapons delivery 
systems and missile guidance systems. 


Dynamic Analysis Methods and Advanced Development 


MS in AE, ME, Physics, Applied Math with emphasis in dynamics or equivalent | 


in experience. Investigations in unsteady aerodynamic loading on missiles and 
aircraft in supersonic and hypersonic flow; thermoelastic effects on stability, 


control, vibration and flutter of high speed configurations; response of aircraft | 


and missiles to transient, random and other time varient loads such as gusts, 
blasts, atmospheric turbulence, wind shear, noise, landing loads; dynamics of 
orbital and space vehicles. 


u. S. Citizenship required. Salary in accordance 
with background and experience. 
If you are qualified to work in any of the above areas, send your resume to 
Mr. A. Wilder, Engineering Personnel Director, Dept. GR-25 who will arrange 
an interview at your convenience. 


GRUMMAN AIRCRAFT ENGINEERING CORPORATION S hla 
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fe) The kind of work 
you want in 
MISSILE 
ELECTRONICS 


The kind of life 
you want for 
your family 


Get BOTH at 
BENDIX YORK 


ELECTRONIC 
ENGINEERS 


é PHYSICISTS 
‘ MECHANICAL ENGINEERS 


e Challenging opportunities in 
Circuit Desicn, PuLsE & VIDEO 
Circuitry, MICROWAVE, 
DIGITAL & ANALOG COMPUTERS, 
SEMI-CONDUCTORS, COMPONENT 
AND Circuit RELIABILITY. 





Interesting work on 
Fuzinc TECHNIQUES, BEACONS, 
SImuLaTors, SPECIAL 
Test EQuIPMENT. 


® Bendix York offers you the oppor- 
tunity for rapid professional growth 
and advancement. Enjoy the small- 
company atmosphere of an expand- 
ing division of one of America’s larg- 
est engineering and manufacturing 
corporations ... And the way of life 
in and around York, Pennsylvania 
is ideal for the entire family. It com- 
bines the charm and grace of rural 
living with the many advantages of a 
dynamic and progressive community. 


Let us hear from you! 
Address replies to: Dept A 
PROFESSIONAL EMPLOYMENT 


“Condi 


AVIATION CORPORATION 


York Division 


York, Pennsylvania 
“The way of work for you, 
the way of life for your family!” 
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La 
CHIEF ENGINEER 


A major Eastern growth corporation is 
seeking the services of a uniquely 
capable and ambitious Chief Engineer. 


His description? This man is now reach- 
ing for the next step toward corporate 
engi ting management. He wants the 
opportunity to prove his qualities of 
leadership. These qualities should be 
such that he can weld together a strong, 
Progressive Engineering Department 
with a high degree of loyalty, and drive 
them to outstanding accomplishments. 
He has a creative imagination and the 
mental ability to apply it to practical 
engineering problems. As a part of 
his overall capabilities, he prides him- 
self on being able to work closely 
with Sales and Manufacturing, yet is 
both aggressive and persuasive in sell- 
ing his programs. Above all, he wants 
a high degree of independence and 
freedom of action with a minimum of 
supervision from above—in short. a 
free hand to do the job right. He is 
now sucessfully employed as a Chief 
Engineer (or about to become one) and 
would make a change only for a 
better opportunity. 





What should his technical qualifications 
be? He should have a broad technical 
background and proven administrative 
experience in hydro-mechanical sys- 
tems, their design, development and pro- 
duction. Additional experience in the 
fields of servos cmd of fluid power me- 
chanics and control is also desirable. 


Are you this man? if so, write to: 


VICE PRESIDENT, ENGINEERING 
P-1030 Aviation Week 
Class. Adv. Div., 
P. O. Box 12, N. ¥. 36, N. ¥. 


EMPLOYMENT OPPORTUNITIES 








Your inquiry 
will have 


Special value... 


If you mention this magazine, 
when writing advertisers. Natur- 
ally, the publisher will appreciate 
it . . . but. more important, it will 
identify you as one of the men the 
advertisers wants to reach with this 
message ... and help to make 
possible enlarged future service to 


you as a reader. 
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MINE - 


OR 


MACKER 


) Jagex > 
‘about this problem’ 


eee 


eh 


> 


Specifications for the AN/UQS-1 mine detector sonar called for a 
system capable of discriminating between enemy mines and other 
underwater objects — fish, beer cans, barrels or lockers. Heavy Mili- 
taty Electronics Dept. engineers, with varied electronic backgrounds, 
resolved the problem by integrating a refinement of Doppler tech- 
niques with parabolic reflector techniques—previously used in search 
radars — and new inertialess scanning into the AN/UQS-1 to detect 
slight movement at extreme cepths. 

Using your past experience in miniaturized circuits, solid state 
physics, high power amplifiers, acoustics, data display or high speed 
data processing you could have contributed directly to the solutions 
of problems that faced HMED engineers when they undertook 
design and development of this advanced sonar system. 


You do not need experience in sonar for a stimulating career posi- 
tion in the fast-growing field of underseas warfare. If you have an 
electrical engineering degree plus background in one or more of the 
following areas you can make important personal contributions to 
sonar technology: 
e Acoustics e Electromagnetics 
e Communication and information Theory 
e Circuit Design, Vacuum Tubes or Transistors 
e Electronic Servo Design 


Send resume in complete confidence to 
George B. Callender, Div. 64-W! 


HEAVY MILITARY ELECTRONICS DEPARTMENT 


GENERAL @@ ELECTRIC 


Court Street, Syracuse, New York 





ENGINEERS e« PHYSICISTS 


EMPLOYMENT OPPORTUNITIES 




















Brilliant ground-floor opportunities 


for 


HIGH-LEVEL 
ENGINEERS 


in a new creative Missile and Space 
Flight Group in sunny San Diego 


Brilliant opportunities are open 
for creative engineers in Solar’s 
new Missile Group. The projects 
involved are exceptionally excit- 
ing and challenging but cannot be 
announced at this time. The right 
men joining now will get in on the 
ground floor and gain key creative 
positions in their fields of interest. 


AREAS OF EXPERIENCE 
SOUGHT 
Flight mechanics, analysis of 
missile trajectories . . . missile 
dynamics, stability and control, 
aeroballistics ... airborne fire con- 
trol computers, data links... 
statistical error and control 
response error analysis. . . servo- 
mechanisms, precision airborne 


hydraulic servos. 
SOLAR SPECIFICS 


Solar is a medium-size company 
(2500 people in San Diego) with 


SOLAR 


AIRCRAFT CO 


a successful history since 1927. 
It is big enough to offer the most 
advanced personnel policies, yet 
small enough so you don’t get lost 
in the crowd. Salary and perform- 
ance reviewed semi-annually. 
Liberal relocation allowances. 
Solar is making significant contri- 
butions to space-age technology 
and the special professional status 
of engineers is fully appreciated 
and recognized. A new 60,000 
sq. ft. engineering building, 
necessitated by expanding 
research and development, will be 
completed in 1959 on the edge of 
San Diego Bay. 


SEND RESUME 


Please send resume of your quali- 
fications at the earliest opportunity 
to Louis Klein, Dept. E-345, Solar 
Aircraft Company, 2200 Pacific 
Highway, San Diego 12, Calif. 


SAN DIEGO 


MPANY OES MOINES 


LIVE BETTER, TOO 


In addition to exceptional opportunities 
for personal achievement, Solar offers 
you the chance to live better in sunny 
San Diego. This famous resort area 
possesses the finest year-around climate 
in the U. S. with unlimited opportunities 
for outdoor recreations. Cultural and 
educational facilities are excellent. The 
new advanced science branch of the 
University of California offers facilities 
for further study. You and your family 
will enjoy life more at Solar in San Diego. 























SYSTEMS 
ENGINEERS 


Can you help resolve 
the complex problems 


posed by Ballistic Nose Cone 


and Space Vehicle Design 


The Missile and Space Ve- 
hicle Department of General 
Electric has under way a 
number of broad programs 
in the space technology field 
that require highly profes- 
sional engineers who can.... 


i] Define mission objec- 

tives and integrate pre- 
liminary design studies 
and perform analytical 
investigations relative to 
system and sub-system 
design. 


) Determine communica- 


tion, instrumentation, 
and related ground sup- 
port requirements. 


Determine ground and 
flight test objectives and 
requirements and evaluate 
system and sub-system 
tests. 


Calculate, compile and 
integrate performance 
with mission objectives 
and requirements for ad- 
vanced systems utilizing 
rocket systems, air 
breathing propulsion 
systems, combinations of 
two or more propulsion 
systems. 


5 Calculate and plot traj- 

ectories and trajectory 
analysis and optimiza- 
tion studies. 


If you have had experience 
in depth in any of these 
areas, send us a brief outline 
of your background. All re- 
plies held in full confidence. 
Mr. Richard L. Eddy, Div. 
706-1 


MISSILE and SPACE VEHICLE DEPT. 


GENERAL @® ELECTRIC 


3198 Chestnut Street, 
Philadelphia 4, Pa. 
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EMPLOYMENT OPPORTUNITIES 











SEARCHLIGHT 
__ SECTION 

















FOR SALE 


LOCKHEED LODESTAR 


(Executive) Model 18-56 


@ TOTAL AIRFRAME TIME—1900 HOURS 
© ENGINES 1820-72A—200 HOURS 

@ COMPLETE OPERATION 

@ CREW AVAILABLE 

@ WILL ALS! CONSIDER LEASE 


GIDDINGS & LEWIS MACHINE TOOL CO. 


Fond du Lac, Wisconsin. Contact F. C. Freund 








immediate Delivery 
We stock, overhaul, and install 
PRATT & WHITNEY WRIGHT 


R1830 R1820 
—202, 


—75, —92, —94 —5, -72 


R985 R1340 R2000 


and ovr most popular DC3 engine 
R1830 - SUPER - 92 


ENGINE WORKS 


Lambert Field inc. St. Levis, Mo. 








ENGINES 
FOR SALE 


One 1820-76A Zero time since overhaul 
by Grand Central. Ready to install. 

* e 
One 1820-76A Ex-Navy engine. About 800 
hours since new. 
One 1820-76A engine. Has 875 hours since 
overhaul. 


FS-9783, Aviation Week 
520 N. Michigan Ave., Chicago 11, Ill 











_TWIN BONANZA, D-50A 


two-tone i 1¢ with white top TTA&E 
cond ' ant Z: a 
im 1. a oot ing 
ollinms a 
T ansmitters 
glide slope s2 delu alt 
rol Atlantic Aviation Service. 
-- Box 5318, int'l Airport, Phila. 42, Pa., 
SAratoga 6-7 
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QUARTERBACKING THE EAGLE PROJECT 


Bendix Aviation Corporation will 
be prime contractor for the Eagle 
missile—and Bendix Systems Divi- 
sion will quarterback the project. 

Latest in a series of important 
defense projects to be assigned Bendix 
Systems, the Eagle will be a long- 
range, air-to-air missile designed for 
fleet air defense and interception 
missions. 

Responsible for systems manage- 
ment and engineering in connection 
with the project, Bendix Systems 
Division will also direct the develop- 
ment of the Eagle missile, electronic 
guidance, and fire control equip- 
ment in the launching aircraft 

Engineers and scientists with 
missile experience may find that 
their talents are suited to the special- 


ized work involved in the Eagle 
project and other important system 
programs at Bendix Systems Division. 

Located adjacent to the Engi- 
neering campus of the University of 
Michigan, Bendix Systems Division 
offers the better man an outstanding 
opportunity to join an organization 
with full facilities for encouraging 
his finest work. Ann Arbor is a 
wonderful place to live 


family, a town which combines life 


and raise a 


in a college community with the 
nearby advantages of a large city 

If you are interested and qualified 
in weapons system planning, re- 
search and development, you are 
invited to write to Bendix Systems 
Division, Dept. A3-2, Ann Arbor, 


Michigan. 








Bendix Systems Division “Bendix” 


ANN ARBOR, MICHIGAN 





EMPLOYMENT OPPORTUNITIES 
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SALE LEASE 


. B50—Excellent equipment including: L-2 
Now Available avfbpilot, Dare & Lear VHF transceivers, ARC 
VHF transmitters, Dual Omnis, Type 21 ADF. 
New interior. Only 1700 hours total time 


Price 
DYNAMICS RESEARCH SPECIALIST ACOUSTICAL RESEARCH SPECIALIST niga gel ~~ Ag 
METALLURGICAL RESEARCH PROPULSION RESEARCH SPECIALIST ap Bay - yg gg BE 


SPECIALIST includes new Dare DTR-360 transceiver and 


dual omnis, 


These men needed to generate a 
ATLANTIC AVIATION CORP. 


new ideas in their particular field Setnen, 0 2. ATlas 8-1740 
suitable for theoretical and ex- 
perimental investigation. 


AERODYNAMICS: FOR SALE 


Desire man with supervisory expe- Executive Lodestar Airplane— 
Excellent Condition 
rience. Should have five years or , : "Ge 
more in Aerodynamics. Twin Pratt & Whitney Engines 
Equipped with Radio 
Please reply to: and Instrumentation 


“You'll like working at Cessna, Engineering Placement Nicely Appointed, 


. Cessna Aircraft Company Including 8 reclining Seats, 


Ask any Cessna Employee.” Military Division Galley, Lavatory. 


P.O. Box 1977 . . — 
Wichita, Kenses Anti-Icing Equipment, 
Aux. Tank. 


Plus Spares. 














For Details, 
Contact R. P. Shupper 


SENIOR RESEARCH ENGINEERS Series Cony, 


22 E. 40th St., N. Y. C. (16) 
Exceptional positions are open for experienced men capable of Lexington 2-7600 
guiding and developing interesting research programs in the fields 


of Heat Power Equipment and Fluid Power Equipment with major A/C WANTED FOR OVERHAUL 


j i i j j R facturing facility utilizing finest E 
emphasis on gas turbines, piston engines or fluid components. Remanutactaring tacitly, tittsing Guest Earopene 
and inspectors assure unsurpassed quality at lowest 

it. Complete airframe, engines, and interiors 


An M.S. or Ph.D. in Mechanical Engineering and extensive experi- inest references. For details contact 
’ THE LELAND CORPORATION 
ence in the above fields required. These men must be recognized on Geant ae a eatin 0-000 


leaders in the areas of Thermodynamics, Fluid Flow or Heat Transfer. 














- : a POR SALE 

These positions offer an opportunity to use your initiative and crea- BENDIX FUEL FLOW BENCH. P/N ao 
. «pe . . “4. . — ' A STAND, P/N 391507 
tive ability. Excellent employee benefits including liberal vacation Condition: F ew— (Substantial discount) 


t 
. i—DIRECT INJECTION TEST STAND 
policy. Please send complete resume to: Cention: Cees 


CAPTIVE-AIR 
2205 No. Hollywood Way Burbank, California 
E. P. Bloch Tel. TH 88234 
ARMOUR RESEARCH FOUNDATION 
of 
Illinois Institute of Technology . 
ial hee Guenth eAt Your Service 


Chicago 16, Illinois 








The Searchlight Section is at 


service to bring business needs or 





“opportunities” to the attention of mer 





m executive, management sales and 


When Answering BOX NUMBERS “ee responsibible technical, engineering and 


to expedite the handling of your correspondence and avoid confusion, operating capacities with the industry 


please do not address a single reply to more than one individual box served by this publication. 
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work in the fields of the future at NAA 


STRUCTURES 
ENGINEERS 


Exceptional opportunities are 
available for Structures Engineers 
on our B-70 and F-108 weapon 
systems and X-15 manned space 
aircraft. 


Stress Analysis — Rigorous design 
requirements necessitate extensive 
structural investigation of the in- 
fluence of high temperatures and 
unconventional external loadings 
Stress engineers concerned with 
such structures will have the op 
portunity to utilize their technical 
knowledge to the fullest extent in 
the development of new analysis 
methods 


Load Analysis—Corresponding de 
mands on the structural loads 
engineer have also created unique 
careers with significant potential 
in the fields of dynamic loads 
aeroelastic loads, loading spectra, 
flight load data analysis, and digi 
tal and analog computer program 


ming. 


Weight Analysis — Exacting 

vehicle performance requires 

optimization of structural design 
layouts to produce the lightest 
weight configurations. Weight 
engineers with experience in stress 
analysis are required for the 
formulation of advanced weight 
estimation and control procedures 


For details about these positions 
please write: Mr. A, C, Stevenson, 
Engineering Personnel, North 
American Aviation, Inc. Los 
Angeles 45, California 
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LETTERS 





Materials Dilemma 


Re the Dec. 8 article, “Spacecraft Struc- 
tural Factors Studied” (p. 55), some com- 
ments are in order. It is stated that the 
growth factor “ is about 44,000” for the 
fourth stage of an earth-Mars orbit vehicle 
Assuming this is true (and every “space 
man” wants a high factor so cost can be said 
not to be a design consideration), then the 
two following statements are in conflict 

One conflict arises in the suggestion that 
1 composite material, separating sealing 
functions from structural functions, should 
be developed. Quite obviously—and_logi 
cally—this will cost more in weight. The 
structure plus the sealant represents the 
whole problem and must be accepted as 
such by the structures man. What good is 
an “efficient” structure which needs protec 
tion? Better to have less “efficiency” with- 
out sealant. The total weight—and that is 
really all that is important—may well be 
less. We have a similar situation now in 
motor design. We “save’’ structural weight 
like mad in the metal cases and then provide 
internal insulation so we can use high 
strength, brittle metals we probably 
wouldn't need if we put the insulation 
weight into the cases and operated at higher 
temperatures and lower stress levels 

I'he other conflict is the recommendation 
that we have exposure space stations so we 
can test materials under actual environ- 
ments. Fine. But what do we use for 
materials in these high altitude stations 
while we are finding out what to use to 
build them? 

Perhaps we'd better take a lot of small 
materials steps as rapidly as possible rather 
than trying the “giant stride’”” every time. 

Cuarvtes F. MarscHNner 
Los Altos, Calif. 


Altimeter Design 
Side-by-side pictures of the old and new 
tvle altimeters of the types concerned in 


the current New York 
tion were published recently 
3 Upon inspection of them, 
which 


accident investiga 
AW Feb. 16, 
1 number 
I thought 


Pp. 7 
of ideas occurred to me 
might be of interest 
1. Possible proximate cause of the disaster 
he altimeter setting scales are on oppo 
site sides of the instrument. Although clock 
wise rotation of the scale for 
pressure setting has been preserved, the effect 
of the relocation in terms of percep 
tion is one of radical change. For example, 
lower pressure settings are now at the bot 
tom of the window, rather than at the top 
Che point is precisely this: in instrument 
design, although elements of con 
struction significant to perception can be 
retained in a change of physical configura 
tion, all elements cannot. The mechanism 
of human perception 1s beyond the control 
of the designing engineer. Some elements 
of the perspective process may be common 
to large numbers of people, and may be un- 
derstood, but much of the perceptive proc 
ess is inevitably of a highly individual and 
hence of a highly variable nature. The addi- 
tional element of the highly individual and 
nature of habit formation is sig- 


decrease in 


scale 


some 


variable 


94 


Aviation Week welcomes the opinions 
of its readers on the issues raised in the 
magazine’s editorial columns. Address 
letters to the Editor, Aviation Week, 
330 W. 42nd St., New York 36, N. Y. 
Try to keep letters under 500 words and 
give a genuine identification. We will 
not print anonymous letters, but names 
of writers will be withheld on request. 


nificant also when a change of configuration 
is made Viz. Is the direction of rota 
tion of the setting scale important in the 
formation of a habit, or is the bottom/top 
orientation of the figures? Would one be 
important to one individual, and the other 
to another? In this connection it would 
also be interesting to know the directions of 
rotation of the setting knobs 

2. Construction of the instruments—The 
Presentation. 

The drum and pointer presentation is 
undoubtedly simpler to understand and to 
learn to use than the triple pointer type. 
But is it really better? A clue to this ques 
tion may be found in the fact that although 
drum indicating watches and clocks have 
been available for years, they have never 
been popular. The answer which suggests 
itself is startling in its simplicity: numbers, 
which are inevitably smal] and crowded, 
must be perceived and correctly read on a 
drum instrument. A pointer instrument or 
dinarily can be read to a fair degree of 
accuracy even if there are no numbers or 
calibrations at all. In terms of perception, 
pointer instruments have the vast advantage 
of the enormous angular and linear displace 
ments involved in the analog nature of their 
presentation. Drum indicators are inher- 
ently a digital nature of presentation, 
whether or not they technically give an ana- 
log presentation 

Figures must be pet 
no matter how large 
be made they cannot, as a practical matter, 
subtend a visual angle comparable to those 
ordinarily found in a pointer presentation 
Even if they could, the mechanism of digi- 
tal perception would still depend on the 
smaller elements forming the structure of 
the digit. 

The hundreds pointer on the new-style 
instrument has a long, slim section between 
the hub and the pointer arrow. It is obvi- 
ously so designed in order that the pointer 
not eclipse the drum indicator as it moves 
ind 400 ft. indications. The 
visibility, due to the slim 


ind read, and 
+] . linaril; 
they may ordinar©§ily 


eived 


between 100 
loss of pointer 
section, may fmpair its usefulness as an indi- 
cator in an application where frequent refer 
ence to it is necessary, and where perception 
of it is primarily angular 

The figures on th 
new instrument, whil 
to be of as easily legible 
on the old instrument 

The figures on the setting scale of the 
new altimeter appear to be inexcusably small. 
3. A footnote on educational psychology 

It should be clear that the above argu 
ments tend to support a thesis that that 
which is most easily taught, and most easily 
understood, may not necessarily be best. 
I'he mechanism of presentation and percep- 
tion is such that complication in construc- 
tion and the process of presentation may 
achieve objectives which are quite worth- 


ircular scale of the 
large, do not seem 
1 design as those 


while in terms of safe and efficient use 
That such efficient use requires the acqui 

sition and use of human skill should not 
deter the use of the more complicated pres 
entation where its use is justified. After 
all, no one would really consider building 
a push-button violin just because it might 
be easier to play 

STANLEY HARWICH 

Consulting Electronic Engineer 

Brooklyn, N. Y. 


>. . 
Majority Rule 

It is disheartening, to say the least, to 
read in your excellent magazine letters lik« 
Rule Enforcement (AW Jan. 19, p. 122), by 
H. B. Davis. The basic fact which he and 
al! others crying for more rules, more rigid 
enforcement, or both, fail to see is easily 
discernible from the following figures taken 
from Aviation Week: USAF 1957, total 
aircraft—24,987; USN 1957, total aircraft 
—11,785; scheduled air carriers, total air 
craft—776; civil aircraft, licensed—60,432 
and unlicensed—24,888. By simple addition 
I arrive at the fact that while there are a 
total of 85,320 civil aircraft in 1957, there 
are only 37,548 military and air carrier 
planes. Since 1957 the number of civil 
aircraft has swelled tremendously, while the 
military and air carrier planes have about 
held their own. However, the majority 
shouldn’t rule in all cases—only if they are 
right. I would only like to point out that 
the added work imposed by forcing the ci 
vilian pilots of the at least 60,432 aircraft to 
show proper credentials together with filling 
out the proper forms would tie up all major 
terminals to the point that they would be 
unable to even reach a “mike”’ let alone give 
any aid to inflight airplanes. As for policing 
the air with the few T-28s flyable. I can 
only say, why add to the confusion? 

If any of you lightplane pilots reading 
this have been buzzed by a military jet and 
found the futility of getting the pilot 
grounded or reprimanded, I am sure that 
you felt just as I did when buzzed by a 
B-47 while flying a 1939 Aeronca Chief. Be 
ing oft airways, out of control zones, and 
600 ft. above the ground, I would gladly 
have used a shotgun had I had one. After 
all, we lightplane pilots help foot the bills 
for the military flyboys and should be 
shown common courtesy. Air courtesy being 
more important than air discipline to the 
lightplane pilot, then let us have the first 
20,000 ft. in which to practice courtesy and 
let those who want discipline have the area 
above that. When we have to be controlled 
like the ICBMs I'll exchange my Chief for 
the nose cone of a rocket to the moon 

Only when civilization has reached the 
pinnacle of mentality where no pedestrian 
has an accident can anyone hope to keep the 
air accident free. Until that time don’t 
strain your brain controlling us, stay above 
us. At airports let us have a piece of the 
ramp to set down on and we will quit foul 
ing up our GCA and other government 
owned facilities designed for your use; after 
all, we civil aircraft are only in the majority 
by two to one. R. W. Macers 

; Hiawatha, Kans 
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... NEWS IS HAPPENING AT NORTHROP. © 


Latest Astronertial Navigation and Guidance 
system is revealed by Dr. William L. Parker, 
Chief of Systems Development at Nortronics, , 





a division of Northrop Corporation. 


NORTRONICS ASTRONERTIAL SYSTEM—ONLY GUIDANCE CONCEPT 
READY TO MEET THE CHALLENGE OF INTERPLANETARY NAVIGATION! 


CURRENT NORTRONICS SYSTEMS trim weight to 


READY NOW for the day man first explores the 
planets, Nortronics’ concept of Astronertial 
Guidance is the most accurate known for 
long-duration flights. Astronertial Systems 
now in production deliver a wide margin of 
added accuracy—using Nortronics’ exclusive 
24-hour star tracker to correct continuously 
for the small, then ever-compounding errors 
inherent in “pure” inertial systems. 

OPERATIONAL TODAY in the USAF- Northrop 
Snark SM-62-— free world’s first and only 
operational intercontinental guided missile 
—Nortronics Astronertial systems have fur- 
nished accurate guidance for more miles 
than all similar systems combined. 


one-tenth, size to one-twentieth that of 
original systems. They are designed to de- 
liver pinpoint accuracy in applications to 
all types of space vehicles, cruise and ballis 
tic missiles, terrestrial manned aircraft, sur- 
face ships and submarines. 


NORTRONICS EXPERIENCE in Astronertial Guid- 
ance dates back to 1946—to the design and 
development of the first successful inter- 
continental system. Now, Nortronics offers 
unique and proven capability in design, de- 
velopment and production of complete and 
integrated guidance systems, including 
their ground support and test equipment. 


VW 


NORTRONICS 


Hawthorne, California 


A Division of Northrop Corporation 
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